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WR
LQYHVWLJDWHPHFKDQLVPVRIV\PPHWU\UHVWRUDWLRQDSSHDUDQFHRI4&’SODVPDDQGJDQGGH[SDQVLRQV
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
.RORNYLML L VHPLQDUL RGUåDQL X GUXJLP
XVWDQRYDPD
%LOLü1’DUNPDWWHU QHXWULQR VWDUVDQGJUDYLWDWLRQDO
SKDVH WUDQVLWLRQ &RORTLXP ’HSW RI 3K\VLFV
8QLYHUVLW\ RI &DSH 7RZQ &DSH 7RZQ -XåQD
$IULND
’DGLü , 3LQFKLQJ VLQJXODULWLHV LQ RXW RI HTXLOLEULXP
WKHUPDO ILHOG WKHRULHV )DNXOWlW IU 3K\VLN
8QLYHUVLWlW %LHOHIHOG %LHOHIHOG 1MHPDþND

%LOLü 1 5HODWLYLVWLF 7KRPDVIHUPL PRGHO DW 7 ” 
VHPLQDU L] WHRULMVNH IL]LNH 8QLYHUVLW\ RI &DSH
7RZQ&DSH7RZQ-XåQD$IULND
$QGULü , ’LPHQVLRQDO UHGXFWLRQ LQ WKH ODUJH 1 OLPLW
%URZQ8QLYHUVLW\3URYLGHQFH86$
3DVVHN.2QWKHFRPSOHWHaVFRUUHFWLRQVWRWKHSLRQ











3RVOLMHGLSORPVNL VWXGLM L] IL]LNH 3ULURGRVORYQR




3RVOLMHGLSORPVNL VWXGLM L] IL]LNH 3ULURGRVORYQR




3RVOLMHGLSORPVNL VWXGLM L] IL]LNH 3ULURGRVORYQR




3RVOLMHGLSORPVNL VWXGLM L] NHPLMH 3ULURGRVORYQR




3RVOLMHGLSORPVNL VWXGLM L] IL]LNH 3ULURGRVORYQR




3RVOLMHGLSORPVNL VWXGLM L] IL]LNH 3ULURGRVORYQR









3ULURGRVORYQRPDWHPDWLþNL IDNXOWHW 6YHXþLOLªWH X
=DJUHEXªNJRG
=QDQVWYHQR LOL VWUXþQR XVDYUªDYDQMH X
LQR]HPVWYX
%LOLü 1 =HQWUXP IU ,QWHUGLVFLSOLQlUH )RUVFKXQJ





’DGLü , )DNXOWlW IU 3K\VLN 8QLYHUVLWlW %LHOHIHOG
%LHOHIHOG 1MHPDþND 
]QDQVWYHQRLVWUDåLYDþNLUDG





0HOLü % ,QVWLWXW IU 7KHRUHWLVFKH 3K\VLN .DUO
)UDQ]HQV8QLYHUVLWlW *UD] $XVWULMD 
]QDQVWYHQRLVWUDåLYDþNLUDG
3DVVHN . ,QVWLWXW IU 7KHRUHWLVFKH 3K\VLN .DUO
)UDQ]HQV8QLYHUVLWlW *UD] $XVWULMD 
]QDQVWYHQRLVWUDåLYDþNLUDG
3DOOH ’ ,QVWLWXW IU 7KHRUHWLVFKH 3K\VLN 8QLYHUVLWlW








;9, $87801 6&+22/ $1’ :25.6+23 21
)(50,21 0$66(6 0,;,1* $1’ &3 9,2/$7,21
/LVDERQ3RUWXJDO
3ULOR]L
 0HOLü % ,QFOXVLYH FKDUPHG EDU\RQ GHFD\V DQG
OLIHWLPHVSUHGDYDQMH
75,$1*/( 6(0,1$5 ,1 3$57,&/( 3+<6,&6
%Hþ$XVWULMD
3ULOR]L
 *XEHULQD%&KDUPHGEDU\RQ GHFD\V DQG TXDUN
KDGURQGXDOLW\SUHGDYDQMH
 0DUWLQLV0$QDQDO\VLVRIFKDUJHGSDUWLFOHSKRWRQ
FRUUHODWLRQV LQ KDGURQLFPXOWLSDUWLFOH SURGXFWLRQ LQ
WKHIDUIRUZDUGGLUHFWLRQSUHGDYDQMH
 3DVVHN.2Q WKH FRPSOHWHQH[WWROHDGLQJRUGHU




0DUWLQLV 0 =QDQVWYHQRLVWUDåLYDþNL UDG X RNYLUX
+UYDWVNREDYDUVNH VXUDGQMH JO LVWUDåLYDþ GU 
7HåDN .HPLMVNL RGVMHN 3ULURGRVORYQR
PDWHPDWLþNRJ IDNXOWHWD =DJUHE )D]QL SULMHOD]L
GLQDPLNH LVWUXNWXUDVXSUDPROHNXODUQLKDJUHJDWDX

RWRSLQL ’HILQHG FOXVWHUV RI DVVRFLDWLRQ FROORLGV LQ
DTXHRXVVROXWLRQV
0DUWLQLV 0 3ULPMHQD IUDNWDOQH DQDOL]H X REUDGL
DJUHJDFLMVNLK SURFHVD X ELQDUQLP L WHUQDUQLP





, ’HUDGR 0D[ 3ODQFN ,QVWLWXW IU 3K\VLN 0QFKHQ
1MHPDþND






























VX GYD VWDQMD X %H PLMHªDQRJ L]RVSLQD ,VWUDåLYDQH VX UHDNFLMH /LG a+H L /LS a+H QD
HQHUJLMDPDRGLQWHUHVD]DDVWURIL]LNX
2GUH HQDMHGXOMLQDUDVSUªHQMDLHIHNWLYQLGRVHJ]DHWDQXNOHRQPH XGMHORYDQMH
=DYUªHQD MH DQDOL]D SRGDWDND L] )D]H , )23, HNVSHULPHQDWD XVPMHUHQD QD RGUH LYDQMH NROHNWLYQRJ
WRNDQXNOHDUQHWYDULL]]JXVQXWH]RQH$X$XVXGDUDNDRLRGUH LYDQMHHQWURSLMHLWHPSHUDWXUH7DNR HU
REMDYOMHQLVXLSUYLUH]XOWDWLRSURGXNFLMLQDELMHQLKSLRQDL]VXGDUD$X$XL1L1L
$QDOL]RP UH]XOWDWD 120$’D X &(51X RGUH HQD MH JRUQMD JUDQLFD ]D NXW PLMHªDQMD L]PH X
HOHNWURQVNLK LPLRQVNLK QHXWULQD 7DNR HU SRVWDYOMHQD MH QRYD JRUQMD JUDQLFD ]D SRVWRMDQMH ODJDQRJ
EDåGDUQRJ ER]RQD NRML VH RþHNXMH X QHNROLNR SURªLUHQLK YHU]LMD 6WDQGDUGQRJ 0RGHOD 1D ,5%X
RGUH HQDMHGRVDGDQDMEROMDJRUQMDJUDQLFDQDPDVXW]YKDGURQVNRJDNVLRQDRGH9






,]RWRSQLP PHWRGDPD QDVWDYOMHQR MH SUDüHQMH SULURGQH UDGLRDNWLYQRVWL X RNROLªX L GRELYHQL VX YDåQL
SRGDFL]DSDOHRNOLPDWRORJLMXNUªNLKNUDMHYDXQDVL]DSDOHRNOLPDWRORJLMX-XåQHKHPLVIHUH0MHUHQMHP
















































QDVWDYLW üH VH QHGDYQR ]DSRþHWR LVWUDåLYDQMH XSRWUHEH SULVWXSD ‡WURMDQVNRJ NRQMD· ]D GRELYDQMH
XGDUQLK SUHVMHND ]D GYRþHVWLþQH UHDNFLMH QD QLVNLP HQHUJLMDPD L] WURþHVWLþQLK UHDNFLMD QD YLªLP
HQHUJLMDPD
]DSRþHWüHVHLVSLWLYDQMHPPHWRGH‡UHODWLYQRJNXWDþHVWLFDXUHDNFLMDPD·NRMRPELVHRODNªDORWRþQR










I 8 PMHUHQMLPD HNVFLWDFLMVNLK IXQNFLMD &&%HJV
2 RSDåHQH VX VWUXNWXUH VUHGQMLK ªLULQD QD
YLVRNLPHQHUJLMDPDSREX HQMDX0J
J ,VSLWLYDQD MHPRJXüQRVW SULPMHQH PHWRGD WURMDQVNRJ NRQMD X QXNOHDUQLP UHDNFLMDPD QD YLªLP
HQHUJLMDPD]DGRELYDQMHXGDUQLKSUHVMHND]DUHDNFLMH/LGa+H L/LSa+HQDHQHUJLMDPDRG
LQWHUHVD]DDVWURIL]LNX
K 3RND]DQD MH PRJXüQRVW XSRWUHEH PMHUHQMD UHODWLYQRJ NXWD L]OD]QLK þHVWLFD X QXNOHDUQLP
UHDNFLMDPD+/La+HL+GS+]DRGUH LYDQMHUDVSRGMHOHYRGLND LGHXWHULMDSRGXELQLX]RUND
SURILOLUDQMH
L =D SURWRQH UD]OLþLWLK HQHUJLMD RGUH HQH VX *YULMHGQRVWL ]D NHPLMVNH GR]LPHWULMVNH VXVWDYH QD
RVQRYLNORUEHQ]HQD
M 3ULSUDYOMHQ MH L REUDQMHQ SULMHGORJ ]D PMHUHQMH UHDNFLMD /L+H QD DNFHOHUDWRUVNRP VXVWDYX
&<&/21(LSULSUHPDMXVHWDPMHUHQMD




DSSOLFDWLRQV /LJKW QXFOHXVOLJKW QXFOHXV UHDFWLRQV ZLOO EH VWXGLHG DW HQHUJLHV ¸ 0H9QXFOHRQ LQ






















K 0HDVXUHPHQW RI WKH DQJOH EHWZHHQ WZR RXWJRLQJ SDUWLFOHV IURP WKH +/La+H DQG +GS+
UHDFWLRQZDVXVHGIRUWKHK\GURJHQDQGGHXWHULXPGHSWKSURILOLQJRIGLIIHUHQWVDPSOHV
L *YDOXHV RI WKH FKORUREHQ]HQH FKHPLFDO GRVLPHWULF V\VWHPV ZHUH GHWHUPLQHG IRU ORZ HQHUJ\
SURWRQV














L þLQL JODYQL FLOM RYRJ LVWUDåLYDQMD (NVSHULPHQWDOQR VDNXSOMDQMH SRGDWDND REDYOMD VH X %URRNKDYHQ
1DWLRQDO /DERUDWRU\ %1/ 7ULDQJOH 8QLYHUVLW\ 1DWLRQDO /DERUDWRU\ 781/ RED 6$’ WH X 3DXO
6FKHUUHU ,QVWLWXWH âYLFDUVND 7HRULMVND DQDOL]D üH VH YUªLWL QD NRPSMXWHULPD YHOLNH VQDJH L]YDQ
+UYDWVNH DOL L QD VDPRP ,QVWLWXWX 5X HU %RªNRYLü (NVSHULPHQWL NRULVWH þHWLUL UD]QD YUOR VORåHQD
NULVWDOQDNDORULPHWUD]DGHWHNFLMX IRWRQDRGQRVQRQHXWUDOQLKPH]RQD1DYHGHQLHNVSHULPHQWLX6$’
üH WHVWLUDWL RVQRYQD VYRMVWYD MDNRJ PH XGMHORYDQMD L VLPHWULMD D SRVHEQR QXNOHRQQXNOHRQ SLRQ
QXNOHRQL L WULQXNOHRQPH XGMHORYDQMD WH L]RVSLQVNXVLPHWULMX=QDQVWYHQLFLVD ,5%VXGMHORYDOLVX LX






]QDWQRM PMHUL XþLQMHQD SUHWKRGQD LVWUDåLYDQMD NRMD VX GRVDG QDMSUHFL]QLMH RGUHGLOD REOLN L YHOLþLQX
RVQRYQLK XOD]QLK SRGDWDND ]D GDOMQML SURUDþXQ PH XGMHORYDQMD X VXVWDYLPD QHNROLNR QXNOHRQD L
PH]RQD D WR VX HOHPHQWDUQH DPSOLWXGH UDVSUªHQMD ]D SURFHVH HODVWLþQRJ UDVSUªHQMD QXNOHRQD QD
QXNOHRQLPD SLRQD QD QXNOHRQLPD HWD SURGXNFLMD X VXGDULPD QXNOHRQD V QXNOHRQLPD WH HODVWLþQR
UDVSUªHQMHHWDPH]RQDQDQXNOHRQLPD(NVSHULPHQWDOQLLWHRULMVNLGLRWHPHVXXVNRSRYH]DQL
8JRGLQL]DYUªHQR MHVDNXSOMDQMHSRGDWDND]DUHDNFLMXSURGXNFLMHHWDPH]RQDSULOLNRP
VXGDUDSLRQD V GHXWHURQRPQD%1/ L 781/1MLKRYDDQDOL]D MH ]DYUªHQD L SUHGRüHQD X GRNWRUVNRM
GLVHUWDFLMLQRYDND$OMRªH0DUXªLüD,QWHUSUHWDFLMDVFLOMHPGRELYDQMDNXWDPLMHªDQMDSLLHWDPH]RQDMH
X WLMHNX3URYHGHQHVXSUHWKRGQH UDGQMH]DPMHUHQMHSLRQVNRJEHWD UDVSDGDV YHOLNRPSUHFL]QRªüX
.RG WHRULMVNLK LVWUDåLYDQMD ]DYUªHQD VX LVSLWLYDQMD SURGXNFLMH HWD PH]RQD X VXGDULPD SURWRQD V
SURWRQLPDXQHSRVUHGQRMEOL]LQLSUDJD UHDNFLMH WHVHXVWDQRYLRGRPLQDQWQLPHKDQL]DP WRJSURFHVD





.RPSOHWLUDQD VX X SURJUDPX QHLVND]DQD SUHWKRGQD LVWUDåLYDQMD PRJXüQRVWL IRWRGLQDPVNH
WHUDSLMH NRULªWHQMHP 3KRWRIULQD ,, L ORNDOQR NRQVWUXLUDQRJ VYMHWORVQRJ L]YRUD 2WYRULOD VH PRJXüQRVW
SUHWKRGQLKNOLQLþNLKLVWUDåLYDQMDXVXUDGQMLV.OLQLþNRPEROQLFRP6HVWUHPLORVUGQLFHWHMH0LQLVWDUVWYX







SHUIRUPHG DW WKH %URRNKDYHQ 1DWLRQDO /DERUDWRU\ %1/ 7ULDQJOH 8QLYHUVLW\ 1DWLRQDO /DERUDWRU\
781/ERWKLQ86$DQGDWWKH3DXO6FKHUUHU,QVWLWXWH6ZLW]HUODQG7KHWKHRUHWLFDODQDO\VLVZLOOEH
SHUIRUPHG DW WKH PDLQ IUDPH FRPSXWHUV RXWVLGH &URDWLD EXW VRPH WKHRUHWLFDO FDOFXODWLRQV ZLOO EH
SHUIRUPHG ORFDOO\ DW WKH 5XGMHU %RªNRYLü ,QVWLWXWH 7KH H[SHULPHQWV PDNH XVH RI IRXU YHU\
FRPSOLFDWHG FU\VWDO FDORULPHWHUV IRU WKH GHWHFWLRQ RI SKRWRQV RU QHXWUDO PHVRQV 7KH VXJJHVWHG
H[SHULPHQWV LQ 86$ ZLOO WHVW WKH EDVLF SURSHUWLHV RI VWURQJ LQWHUDFWLRQV DQG V\PPHWULHV DQG LQ
SDUWLFXODUQXFOHRQQXFOHRQSLRQQXFOHRQDQGWKUHHQXFOHRQLQWHUDFWLRQV7KH LVRVSLQV\PPHWU\ZLOO
EH WHVWHGDVZHOO7KH ,5%VFLHQWLVWVKDYHDOVRSDUWLFLSDWHG LQEXLOGLQJQHXWUDOPHVRQVSHFWURPHWHUV
106LQ/$03)DVZHOODVLQLWVH[SHULPHQWDOSURJUDPPH$WSUHVHQWWKDWXQLTXHGHYLFHLVVLWXDWHG
DW WKH%1/ZKHUHZH VKDOO WDNH SDUW LQ DQ H[SHULPHQWZKLFK LQYHVWLJDWHV K\SHUQXFOHL SURSHUWLHV ,Q
6ZLW]HUODQGDKLJKSUHFLVLRQEHWDGHFD\UDWHH[SHULPHQWZLOOEHSHUIRUPHGZKLFKRZLQJWR
WKHDEVHQFHRI VWURQJ LQWHUDFWLRQVDQG UDGLDWLYH GHFD\ LV WKH FOHDUHVW DSSURDFK WR WKH VWXG\ RI WKH
ZHDNLQWHUDFWLRQ TXDUN FRXSOLQJ ,Q WKH WKHRUHWLFDO SDUW RI WKH UHVHDUFK KDGURQ LQWHUDFWLRQV ZLOO EH
LQYHVWLJDWHGDWHQHUJLHVRI*HYZLWKWKHSURGXFWLRQRIORZHUPDVVPHVRQVSLHWDUKR«$ORW
RI SUHOLPLQDU\ WKHRUHWLFDO UHVHDUFK KDV DOUHDG\ EHHQ GRQH 7KLV UHVHDUFK KDV YHU\ SUHFLVHO\
GHWHUPLQHG WKH VKDSH DQG VL]H RI LQSXW GDWD IRU IXUWKHU FDOFXODWLRQ RI IHZQXFOHRQ DQG PHVRQ
LQWHUDFWLRQV 7KHVH DUH WKH HOHPHQWDU\ VFDWWHULQJ DPSOLWXGHV RI QXFOHRQQXFOHRQ SLRQQXFOHRQ DQG
HWDQXFOHRQSURFHVVHVLQQXFOHRQQXFOHRQFROOLVLRQVDVZHOODVWKHHODVWLFVFDWWHULQJRIHWDPHVRQVRQ
QXFOHRQV7KHH[SHULPHQWDODQGWKHRUHWLFDOSDUWRIWKLVUHVHDUFKDUHVWURQJO\FRUUHODWHG





SURWRQFROOLVLRQVQHDU WKH UHDFWLRQ WKUHVKROGKDVEHHQFRPSOHWHGDQG WKHGRPLQDQWPHFKDQLVPVRI
WKHSURFHVVKDYHEHHQHVWDEOLVKHG7KHUHVHDUFKRI WKHVFDWWHULQJ OHQJWKDQG WKHHIIHFWLYH UDQJHRI
HWDQXFOHRQ VFDWWHULQJ KDV EHHQ FRPSOHWHG 7KH UHVXOWV REWDLQHG DUH HVVHQWLDOO\ GLIIHUHQW IURP
SUHYLRXVHVWLPDWHVRI WKHVHSDUDPHWHUVZKLFKDUHHVVHQWLDO IRU WKHHWD LQWHUDFWLRQZLWK OLJKW QXFOHL
&RPSDULQJWKHPZLWKWKHODWHVWZRUOGZLGHUHFRJQL]HGUHVXOWVEDVHGRQFRPSOHWHO\GLIIHUHQWPHWKRGV
ZHFODLPWKDWRXUGHWHUPLQDWLRQRIWKHVHSDUDPHWHUVLVYHU\SUHFLVHDQGFRQILGHQW





















WHPSHUDWXUH L GHIRUPDFLMH (NVSHULPHQWDOQR L WHRULMVNL VH SURXþDYDMX VXGDUL WHªNLK LRQD X ªLURNRP
UDVSRQXHQHUJLMD(NVSHULPHQWDOQD LVWUDåLYDQMDSURYHOLVPRXRNYLUXPH XQDURGQH)23,NRODERUDFLMH
)D]D ,, HNVSHULPHQWL þLML VPR VXRVQLYDþ QD 6,6(65 DNFHOHUDWRUX X *HVHOOVFKDIW IU
6FKZHULRQHQIRUVFKXQJ’DUPVWDGWLX,QVWLWXWGH5HFKHUFKHV6XEDWRPLTXHV6WUDVERXUJ
8NUDWNRJODYQDSRVWLJQXüDXJRGLQLVX2GUH HQLVXNROHNWLYQLWRNLHQWURSLMDQXNOHDUQH
WYDUL X $X$X VXGDULPD QD QL]X XSDGQLK HQHUJLMD WH SUDJRYL YLªH YUVWD NROHNWLYQRJ JLEDQMD
WHªNRLRQVNRJ VXVWDYD5DVYLMHWOMHQD MH SULURGD UH]RQDQFHQD HQHUJLML SREX HQMD RG 0H9 X MH]JUL
0J 3RND]DQD MH YDåQRVW UHDNFLMVNH GLQDPLNH L WRSRORJLMH ID]QRJ SURVWRUD ]D SURFHV QDVWDMDQMD
QDNXSLQD QXNOHRQD X VXGDULPD WHªNLK LRQD .RULªWHQMHPPHWRGH JDPPD VSHNWURVNRSLMH QD HQD VX
QRYDVXSHUGHIRUPLUDQDVWDQMDDWRPVNLKMH]JULXPDVHQRPSRGUXþMXRNR$ 0HWRGRPSURWRQSURWRQ
NRUHODFLMDRGUH HQHVXYUHPHQVNRSURVWRUQHNDUDNWHULVWLNHL]YRUDþHVWLFDXVXGDULPD1L1LQDHQHUJLML
VQRSDRG$*H90MHUHQD MHSURGXNFLMDQDELMHQLKSLRQDNDR IXQNFLMD YHOLþLQHVLVWHPDRGQRVQR
EURMDSDUWLFLSDQDWD,]YUªHQDMHVXVWDYQDVWXGLMDVYRMVWDYD<EVORåHQHMH]JUHXHQHUJLMVNRPSRGUXþMX
SREX HQMDRG0H92GUH HQ MHEURMD  UH]RQDQFLMDX]DYUªQRM ID]L1L1L UHDNFLMHQD
HQHUJLMDPDVQRSDRG$*H90MHUHQLVXVSHNWULODNLKQDELMHQLKþHVWLFDSURWRQLGHXWHURQLWULWRQLWH
aþHVWLFHX1L0JUHDNFLMLQD0H9SRQXNOHRQX3RND]DQRMHGDPRGHONRMLX]LPDXRE]LUSRþHWQL
GHIRUPLUDQL GYRQXNOHDUQL VORåHQL VXVWDY ]DGRYROMDYDMXüH REMDªQMDYD PMHUHQH VSHNWUH ,]XþDYDQMD
DXWRNRUHODFLMVNHNULYXOMHQHVWDWLVWLþNLKVWUXNWXUDRSDåHQLKXVXGDULPD 1L7L L 1L1LXND]XMXQD
JXªHQMHYUWQMHNUDWNRåLYXüHJGYRQXNOHDUQRJVLVWHPD3RND]DQRMHGDVHSULHQHUJLMDPDPDQMLPRG
$0H9QDMYHüLGLRHPLVLMH þHVWLFDRGYLMDX UDQRM ID]L VXGDUDQDQDþLQGD VXSULPDUQL WHªNL IUDJPHQWL
HPLWLUDQL V QLVNRP HQHUJLMRP SREX HQMD þLPH VH GRYRGL X SLWDQMH QL] UDQLMLK UH]XOWDWD R YUXüLP
MH]JUDPD 2UJDQL]LUDQD MH X VXUDGQML V QMHPDþNRP VWUDQRP PH XQDURGQD UDGLRQLFD R VWYDUDQMX
QDNXSLQDþHVWLFDXDWRPVNLPLQXNOHDUQLPVXVWDYLPD
5HVHDUFKSURJUDPPHDQGUHVXOWV
7KH EDVLV RI WKH SURMHFW DUH WKH H[SHULPHQWDO DQG WKHRUHWLFDO LQYHVWLJDWLRQV RI QXFOHL DQG
QXFOHDUPDWWHUXQGHUH[WUHPHFRQGLWLRQVRIGHQVLW\ WHPSHUDWXUHDQGGHIRUPDWLRQ)RU WKLVSXUSRVH
KHDY\LRQFROOLVLRQVDUHVWXGLHGRYHUDZLGHHQHUJ\UDQJH7KHH[SHULPHQWVKDYHEHHQFDUULHGRXWLQ

















$GHWDLOHG VWXG\ RI WKH SURSHUWLHV RI WKH <E FRPSRVLWH QXFOHXV LQ WKH H[FLWDWLRQ HQHUJ\
UDQJH0H9KDVEHHQSHUIRUPHG
 $ VHDUFK IRU KLGGHQ LQWHUPHGLDWH GLDWRPLF VWDWHV ,’6 SRVVLEO\ REVHUYHG LQ GDPSHG
RVFLOODWLRQV LQ WKH HQHUJ\ DXWRFRUUHODWLRQ IXQFWLRQV RI WKH 1L7L HODVWLF DQG 1L1L HODVWLF DQG
LQHODVWLF VFDWWHULQJ FURVV VHFWLRQV KDV UHVXOWHG LQ WKH REVHUYDWLRQ RI QRQVWDWLVWLFDO VWUXFWXUH LQ
FROOLVLRQVRIPHGLXPPDVVQXFOHLZLWKDFFXUDF\OHYHO
 7KH LPSRUWDQFH RI ERWK UHDFWLRQ G\QDPLFV DQG SKDVHVSDFH WRSRORJ\ IRU WKH
IRUPDWLRQRIFOXVWHUVLQWKHFROOLVLRQ]RQHKDVEHHQGHPRQVWUDWHG



















IRUPLUDQ MHSURMHNW67$5XVYUKXSRYHüDQMDRVMHWOMLYRVWLPMHUHQMDQHXWULQVNLKRVFLODFLMD ]D IDNWRU
2YH JRGLQH UDGLOL VPR QD L]JUDGQML RIIOLQH VRIWYHUVNLK SURJUDPD ]D UDVSR]QDYDQMH L UHNRQVWUXNFLMX
WUDJRYD þHVWLFD X GHWHNWRUX 67$5D 2VLP DNWLYQRVWL X 67$5X VXGMHORYDOL VPR L X VWXGLUDQMX
HILNDVQRVWL UHNRQVWUXNFLMH UHDOQLK QDELMHQLK KDGURQD X GULIWQLP NRPRUDPD 120$’RYRJ GHWHNWRUD L
XVSRUHGELWDNRGRELYHQHHILNDVQRVWLV0RQWH&DUORVLPXODFLMDPD&LOMWHVWXGLMHMHEROMHUD]XPLMHYDQMH
W]Y QHGRVWDMXüHJ WUDQVYHU]DOQRJ PRPHQWD NRML SUHGVWDYOMD GLUHNWQX VPHWQMX VLJQDOX QHXWULQVNLK
RVFLODFLMD -HGDQ RG YDåQLMLK UH]XOWDWD 120$’D X  JRGLQL MH JRUQMD JUDQLFD ]D NXW PLMHªDQMD
L]PH XHOHNWURQVNLKLPLRQVNLKQHXWULQDXSRGUXþMXSDUDPHWDUD]DNRMHMHJUXSD/61’L]/RV$ODPRV
1DWLRQDO/DERUDWRU\WYUGLODMHGDMHGRELODSR]LWLYDQUH]XOWDWPH XWLPQDªUH]XOWDWL]120$’DGRYRGLX
SLWDQMHQMLKRYX WYUGQMX7DNR HUXRNYLUX120$’NRODERUDFLMH SRVWDYLOL VPRQRYXJRUQMX JUDQLFX ]D
SRVWRMDQMH ODJDQRJ EDåGDUQRJ ER]RQD NRML VH RþHNXMH X QHNROLNR SURªLUHQLK YHU]LMD 6WDQGDUGQRJ
0RGHOD
1D,QVWLWXWX5X HU%RªNRYLüLVWUDåLYDOLVPRSRVWRMDQMHDNVLRQDKLSRWHWLþNLKSVHXGRVNDODUQLKþHVWLFD
NRML EL WUHEDOL ELWL RGJRYRUQL ]D VDþXYDQMH&3 LQYDULMDQWQRVWL X4&’X $NR DNVLRQL SRVWRMH X SULURGL
RQGD EL RQL WUHEDOL ELWL HPLWLUDQL L VD 6XQFD X 0 SULMHOD]X L]PH X SUYRJ WHUPDOQR SREX HQRJ L
RVQRYQRJVWDQMDX)H(PLWLUDQLDNVLRQLPRJX]DWLP UH]RQDQWQLPSURFHVRPSREXGLWL LVWR VWDQMH X
)H PHWL X ODERUDWRULMX QD ]HPOML WR VWDQMH VH RQGD GHHNVLWLUD HPLVLMRP IRWRQD LOL NRQYHU]LYQRJ
HOHNWURQD ªWR VH PRåH ODNR GHWHNWLUDWL 1D RVQRYL EURMD GRJD DMD X QDªHP GHWHNFLRQRP VLVWHPX
SRVWDYLOLVPRGRVDGDQDMEROMXJUDQLFXQDPDVXW]YKDGURQVNRJDNVLRQDRGH9
,VWUDåLYDQHVXLL]UDþXQDWHUDGLMDWLYQHNRUHNFLMHQDNRQDþQRMWHPSHUDWXULLJXVWRüL]DHIHNWLYQLSRWHQFLMDO
QHXWULQD ]D VOXþDM MH]JUH VXSHUQRYH L HUH QXNORVLQWH]H X UDQRP VYHPLUX 7DNR HU SUHGORåHQR MH
RULJLQDOQR UMHªHQMH ]DXþHVWDOR SRMDYOMLYDQMH DQRPDOLMH X EHWD VSHNWUX WULFLMD QHJDWLYQL NYDGUDWPDVH




FROODERUDWLRQ WKH 67$5 SURMHFW KDV EHHQ IRUPHG LQ RUGHU WR LQFUHDVH WKH VHQVLWLYLW\ RI QHXWULQR
RVFLOODWLRQVE\DIDFWRURI:HZHUHZRUNLQJRQWKHSUHSDUDWLRQRIWKHRIIOLQHVRIWZDUHSURJUDPPHV
IRU WKH UHFRJQLWLRQ DQG UHFRQVWUXFWLRQ RI SDUWLFOH WUDFNV LQ WKH 67$5 GHWHFWRU ,Q DGGLWLRQ WR RXU
DFWLYLWLHVLQ67$5ZHKDYHDOVRVWXGLHGWKHHIILFLHQFLHVRIWKHUHFRQVWUXFWLRQRIUHDOFKDUJHGKDGURQVLQ
GULIW FKDPEHUV RI WKH 120$’ GHWHFWRU DQG WKHVH HIILFLHQFLHV ZHUH FRPSDUHG ZLWK 0RQWH &DUOR
VLPXODWLRQV 7KH DLP RI WKLV VWXG\ LV EHWWHU XQGHUVWDQGLQJ RI WKH VR FDOOHG PLVVLQJ WUDQVYHUVH
PRPHQWXPZKLFK UHSUHVHQWV WKHEDFNJURXQG WR WKHVLJQDORIQHXWULQRRVFLOODWLRQV2QHRI WKHPRVW
LPSRUWDQW UHVXOW RI WKH120$’H[SHULPHQW LQ  LV WKH XSSHU OLPLW RQ WKHPL[LQJ DQJOH EHWZHHQ
HOHFWURQ DQGPXRQ QHXWULQRV LQ WKH UHJLRQ RI SDUDPHWHUV IRU ZKLFK WKH /61’ JURXS IURP WKH /RV

$ODPRV1DWLRQDO/DERUDWRU\FODLPHGSRVLWLYHUHVXOWVKRZHYHURXUUHVXOWVIURP120$’H[SHULPHQWSXW
LQ TXHVWLRQ WKHLU FODLP$OVRZLWKLQ WKH120$’FROODERUDWLRQZH REWDLQHG D QHZ XSSHU OLPLW IRU WKH
H[LVWHQFHRIWKHOLJKWJDXJHERVRQZKLFKLVH[SHFWHGLQVHYHUDOH[WHQGHGYHUVLRQVRI6WDQGDUG0RGHO
$W WKH 5X HU %RªNRYLü ,QVWLWXWH ZH KDYH LQYHVWLJDWHG WKH H[LVWHQFH RI D[LRQV WKH K\SRWKHWLFDO
SVHXGRVFDODUSDUWLFOHVZKLFKZHUHVXSSRVHGWREHUHVSRQVLEOHIRUWKHFRQVHUYDWLRQRI&3LQYDULDQFH
LQ4&’,ID[LRQVH[LVWLQQDWXUHWKH\VKRXOGDOVREHHPLWWHGIURPWKH6XQLQWKH0WUDQVLWLRQEHWZHHQ



















YH]DQLK HOHNWURQD ’YRVWUXND LRQL]DFLMD NRPSWRQVNLP SURFHVRP L]XþDYDQMH HH NRUHODFLMH
5HODWLYLVWLþNLNRQ]LVWHQWQLRSLVVWDFLRQDUQLKVWUXMDXYRGLþLPD
5H]XOWDWLQDWHPL
1DSUDYOMHQ MH IRUPDOL]DP L UDþXQDUVNL SURJUDP ]D WURVWUXNR GLIHUHQFLMDOQL XGDUQL SUHVMHN 7’83 ]D
NRPWRQVNR UDVSUªHQMH QD YH]DQRPHOHNWURQX X4(’SULVWXSX6PDWULþQRJ HOHPHQWD GUXJRJ UHGD X
YDQMVNRP VDPRVDJODVQRP SROMX ’RELYHQL VX UH]XOWDWL ]D 7’83 L RGUH HQR MH SRGUXþMH YDOMDQRVWL
LPSXOVQH DSURNVLPDFLMH ªWR MH YDåQD LQIRUPDFLMD ]D HNVSHULPHQWDOQR RGUH LYDQMH HOHNWURQVNH
LPSXOVQHUDVSRGMHOHSXWHPNRPSWRQVNRJUDVSUªHQMD
3ULYLVRNLPHQHUJLMDPDXSDGQLKIRWRQDX]HWLVXXRE]LUUHODWLYLVWLþNLHIHNWL LSRND]DQRMHGDLPSXOVQD





&RPSWRQ VFDWWHULQJ RQ ERXQG HOHFWURQV G\QDPLFV RI WKH SURFHVV DQG HOHFWURQ PRPHQWXP GHQVLW\





VFDWWHULQJ IURP ERXQG HOHFWURQV EDVHG RQ 6PDWUL[ VHFRQG RUGHU HOHPHQW LQ 4(’ IRU H[WHUQDO
DWRPLF ILHOG 7KH UHVXOWV IRU 7’&6 DUH REWDLQHG DQG QHZ UDQJH IRU WKH YDOLGLW\ RI LPSXOVH
DSSUR[LPDWLRQ LV HVWDEOLVKHG 7KLV LV DQ LPSRUWDQW ILQGLQJ IRU (0’ GHWHUPLQDWLRQ E\ &RPSWRQ
VFDWWHULQJH[SHULPHQWV
,QGRXEOHLRQL]DWLRQRI+HDWRPE\&RPSWRQVFDWWHULQJRIDKLJKHQHUJ\SKRWRQLWZDVVKRZQWKDWWKH
LPSXOVHDSSUR[LPDWLRQSURYLGHV LPSRUWDQW LQIRUPDWLRQRQHHFRUUHODWLRQV7KH UHODWLYLVWLFHIIHFWVDUH
LQFOXGHGLQWKHDQDO\VLV7KHFRQFHSWRIGRXEOH&RPSWRQSURILOHLVLQWURGXFHG



















QD DWRPLPD L DWRPVNLP MH]JUDPD RVQRYQL VX SUDYFL HNVSHULPHQWDOQRJ LVWUDåLYDQMD PH XGMHORYDQMD
LRQD 0H9VNLK HQHUJLMD L PDWHULMH ’HWHNFLMD SURGXNDWD PH XGMHORYDQMD NRULVWL VH ]D SURXþDYDQMH
SULURGHRGUH HQRJSURFHVDLOL]DLVSLWLYDQMDVYRMVWDYDPDWHULMDODPHWH
,RQL]DFLMDDWRPVNLK/SRGOMXVNLSURXþDYDQDMHWDNRSRPRüXVQRSD&L2LRQDHQHUJLMDRGGR
0H9 WH GHWHNFLMH []UDNDHOHPHQDWD<=<2G WHRULMD ]D GLUHNWQX LRQL]DFLMX QDMEROMH VODJDQMH V
UH]XOWDWLPD PMHUHQMD MH SRND]DQR NRG VHPLNODVLþQH DSURNVLPDFLMH XMHGLQMHQRJ DWRPD 6&$8$
3URXþDYDQL VX L HQHUJLMVNL SRPDFL OLQLMD WH VWXSDQM YLªHVWUXNH LRQL]DFLMH 8 PDWHULMDOLPD
YLVRNRWHPSHUDWXUQLKVXSUDYRGLþDLGYRHOHPHQWQLKSROXYRGLþDGRND]DQDMHRYLVQRVWRPMHUDRVQRYQLKL
VDWHOLWVNLKOLQLMD/VHULMHRSURPMHQDPDXVWHKLRPHWULMLX]RUND
0MHUHQMLPD HODVWLþQLK UDVSUªHQMD /L LRQD QD ODNLP MH]JUDPD SURYMHUHQH VX JUDQLFH GR NRMLK YULMHGL
5XWKHUIRUGRYDWHRULMDDXFLOMXUD]YRMDLSULPMHQH5%6PHWRGH8]QL]SULPMHQDPHWRGDNDUDNWHUL]DFLMH
PDWHULMDODSRPRüX LRQD IRNXVLUDQLKXQXNOHDUQRMPLNURSUREL LVSLWXMXVH LPRJXüQRVWL UD]YRMDPHWRGD
PRGLILNDFLMHPDWHULMDOD
.RULªWHQMHPQLVNLKVWUXMD I$SURWRQD L /L LRQDXQXNOHDUQRMPLNURSURELPMHUHQLVXSXOVHYLQDERMD
VWYRUHQRJGXåSXWDQMHSRMHGLQDþQRJLRQDDVDNXSOMHQRJQDHOHNWURGDPDX]RUDNDUD]QLKSROXYRGLþNLK
VWUXNWXUD5D]YLMHQRPPHWRGRP,%,&,RQ%HDP,QGXFHG&KDUJHSURXþDYDQDVXVYRMVWYDWUDQVSRUWD




LRQLVDWLRQ DQG HODVWLF RU LQHODVWLF VFDWWHULQJ RI LRQV ZLWK DWRPV DQG QXFOHL ’HWHFWLRQ RI LQWHUDFWLRQ
SURGXFWVLVXVHGIRUWKHVWXG\RISDUWLFXODUSURFHVVRUIRUWKHFKDUDFWHULVDWLRQRIWDUJHWPDWHULDO
,RQLVDWLRQ RI / VXEVKHOOV ZDV VWXGLHG XVLQJ  0H9 & DQG 2 LRQ EHDPV DQG GHWHFWLRQ RI
FKDUDFWHULVWLF [UD\V IRU HOHPHQWV <=< 5HVXOWV ZHUH FRPSDUHG ZLWK GLUHFW LRQLVDWLRQ WKHRULHV
DPRQJZKLFKWKHVHPLFODVVLFDODSSUR[LPDWLRQRIXQLILHGDWRP6&$8$VKRZHGWKHEHVWDJUHHPHQW

;UD\ OLQHHQHUJ\VKLIWVDQGGHJUHHRIPXOWLSOH LRQLVDWLRQZDVVWXGLHG IRU WKHVDPH LRQVDQGHQHUJ\






8VLQJ WKHQXFOHDUPLFURSUREH ORZFXUUHQWPRGHI$FROOHFWHGFKDUJHDW WKHHOHFWURGHVRIGLIIHUHQW
VHPLFRQGXFWRU GHYLFHV ZDV PHDVXUHG DV D IXQFWLRQ RI FKDUJH FUHDWHG DORQJ WKH LRQ SDWK 7KLV

















5H]XOWDWL GDWLUDQMD VHGUL PHWRGDPD & L 7K8 VD SRGUXþMD ULMHNH .UNH L 1DFLRQDOQRJ SDUND
3OLWYLFH WH YHüHJ EURMD VLJD VD SRGUXþMD ’LQDULGD SRND]XMX GD SURFHV WDORåHQMD DORKWRQLK
VHNXQGDUQLKNDUERQDWDRYLVLRSDOHRWHPSHUDWXUQLPXYMHWLPD7DMMHSURFHVYH]DQ]DWRSOLMDNOLPDWVND
UD]GREOMDLVWXSDQMLQWHUJODFLMDOD
2GUH HQD MH SRYUªLQVND WHPSHUDWXUD PRUD X SRVOMHGQMLK  JRGLQD SRPRüX L]RWRSQRJ VDVWDYD
ªNROMNL 0\WLOXV HGXOLV L] DUKHRORªNLK QDOD]LªWD X NDQDOX %HDJOH 2JQMHQD ]HPOMD $UJHQWLQD 1HPD
VLJQLILNDQWQLK SURPMHQD WHPSHUDWXUH GR  VWROMHüD DOL MH SRND]DQ SRUDVW RG & WLMHNRP ]DGQMLK





QD L]RWRSQD PMHUHQMD DWPRVIHUVNRJ &2 ]HPOMH KXPXV OLªüD VHNXQGDUQLK NDUERQDWD VWDUH L
UHFHQWQHVLJHWHKLGURNHPLMVNDPMHUHQMDSURFMHGQLKYRGD






’RYUªHQD MH DQDOL]D VUHGQMH HQHUJLMH : SRWUHEQH ]D WYRUEX LRQVNRJ SDUD X SURSDQX L WNLYX
HNYLYDOHQWQRMVPMHVLQDRVQRYLSURSDQDSURSDQ7(]DUD]QHYUVWHLRQL]LUDMXüHJ]UDþHQMD
(NVSHULPHQWDOQR VX LVSLWLYDQL SOLQRYL SURSDQ L ’0( GLPHWLOHWHU L SURSDQ7( VPMHVD X
SURSRUFLRQDOQRPEURMDþX QD QLVNLP WODNRYLPD2GUH HQ MH NRHILFLMHQW LRQL]DFLMH X RYLVQRVWL R MDNRVWL
HOHNWULþQRJSROMDXMDNLPQHKRPRJHQLPHOHNWULþQLPSROMLPDNDRLVUHGQMDHQHUJLMD:]DWHSOLQRYHWH
RYLVQRVWHQHUJHWVNRJUD]OXþLYDQMDRSOLQVNRPSRMDþDQMX
6PMHVH DUJRQD V SURSDQRP EXWDQRP L ’0( UD]OLþLWLK RPMHUD NRQFHQWUDFLMD L QD UD]QLP XNXSQLP




V UHODWLYQR QLVNLP SDUFLMDOQLP WODNRP PROHNXODUQRJ SOLQD QH PRJX SRVWLüL GREUR HQHUJHWVNR
UD]OXþLYDQMH QD YLVRNLP SOLQVNLP SRMDþDQMLPD GRN MH QD QLVNLP SOLQVNLP SRMDþDQMLPD   
UD]OXþLYDQMHEROMHDNRMHSDUFLMDOQLWODNPROHNXODUQHSULPMHVHQLåL







VHFRQGDU\ FDUERQDWHV GHSHQGV RQ SDOHRWHPSHUDWXUH FRQGLWLRQV 7KLV SURFHVV LV FRQQHFWHG ZLWK
ZDUPHUFOLPDWLFSHULRGVLQWHUJODFLDO6WDJHVDQG
7KHVHDVXUIDFHZDWHU WHPSHUDWXUH LQ ODVW\HDUVZDVHVWDEOLVKHGE\ LVRWRSLFPHDVXUHPHQWVRI
0\WLOXVHGXOLVVKHOOVIURPDUFKDHRORJLFDOVLWHVLQ%HDJOH&KDQQHO7LHUUDGHOIXHJR$UJHQWLQD7KHUH
DUHQRVLJQLILFDQWWHPSHUDWXUHFKDQJHVXSWRWKLVFHQWXU\EXWDQLQFUHDVHRI&LQODVWGHFDGHVZDV




,QYHVWLJDWLRQ RI FDUERQ F\FOH LQ .DUVW RQ WKH H[DPSOH RI VSHOHRWKHP IRUPDWLRQ LQ 3RVWRMQD FDYH
6ORYHQLD LV LQ FRXUVH ,VRWRSLFPHDVXUHPHQWVRIDWPRVSKHULF&2 VRLO KXPXV OHDYHV VHFRQGDU\
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6WUXNWXUD GRELYHQLK ILOPRYD VPMHVD MH:& L :&[ VXSNDUELGD WH QHYH]DQRJ XJOMLND 7DNR HU VX
SULSUDYOMHQL VORMHYL DPRUIQLK KLGULUDQLK VOLWLQD VLOLFLMXJOMLN 8VWDQRYOMHQH VX QDNXSLQH XJOMLND X
GLMDPDQWVNRM ID]L 0HWRGRP /,) XWYU HQ MH ]QDþDMDQ XWMHFDM UDVSUDªHQLK þHVWLFD QD HQHUJLMVNX
UDVSRGMHOXLRQDDUJRQDLSURFHVHYDåQH]DRGYLMDQMHPDJQHWURQVNRJDHOHNWULþQRJL]ERMD
9LEUDFLMVNDGLQDPLND L GLQDPLNDPDWHULMHX LQWHUDNFLML V LQWHQ]LYQLP ODVHUVNLP]UDþHQMHP LVWUDåXMHVH
SUHWHåLWR PHWRGDPD 5DPDQRYH L LQIUDFUYHQH VSHNWURVNRSLMH VYMHWORVQRP L HOHNWURQVNRP
PLNURVNRSLMRPWHPHWRGDPDUDVSUªHQMD8WYU HQRMHSRVWRMDQMHYUWORåQLKQLWQLKVWUXNWXUDXUDVWDOMHQLP
PHWDOQLP SRYUªLQDPD WH DQDOL]LUDQD SHULRGLþQD L NDRWLþQD JLEDQMD QD UDVWDOMHQRM WDQWDORYRM L
PROLEGHQRYRMSRYUªLQL







LRQ LPSODQWDWLRQ LQ6LDQG*D$VKDYHEHHQVWXGLHGDORQJZLWK WKHLU UHFRYHU\$PRGHO LVSURSRVHG
WKDW HQDEOHV RQH WR PDNH TXDQWLWDWLYH FRUUHODWLRQ EHWZHHQ 5%6 DQG 5DPDQ DQDO\VLV RI VXFK
VWUXFWXUHV8VLQJ YDULRXVPHWKRGV ZH KDYH VWXGLHG VWUXFWXUDO GHIHFWV LQ*D1 WKLQ6L[2\1]+ ILOPV




SURSHUWLHV RI VXFK SUHSDUHG PDWHULDO 6WUXFWXUDO SURSHUWLHV RI )H3 DQG 3%* JODVVHV KDYH EHHQ
VWXGLHG
7KLQ DPRUSKRXV ILOPV RI DOXPLQXPWXQJVWHQ DOOR\V KDYH EHHQ SUHSDUHG E\ WKH PDJQHWURQ
FRGHSRVLWLRQ WHFKQLTXH 0LFURKDUGQHVV HOHFWULF UHVLVWLYLW\ DQG WKH WHPSHUDWXUH FRHIILFLHQW RI WKH
HOHFWULF UHVLVWLYLW\ KDYH EHHQ PHDVXUHG $ VSHFLDO YDFXXP FKDPEHU KDV EHHQ FRQVWUXFWHG IRU WKH
PHDVXUHPHQW RI WKH HOHFWULF UHVLVWDQFH XS WR  . LQ YDFXXP )URP WKH PHDVXUHPHQWV RI WKH
WHPSHUDWXUH GHSHQGHQFH RI WKH HOHFWULF UHVLVWDQFH DQG WKH ILOP VWUXFWXUH WKH FU\VWDOOL]DWLRQ
WHPSHUDWXUHVRIDPRUSKRXVILOPVKDYHEHHQGHWHUPLQHGIRUWKHZKROHUDQJHRIDPRUSKLFLW\7KLQILOPV
RIWXQJVWHQFDUERQDOOR\VKDYHEHHQSUHSDUHGE\UHDFWLYHPDJQHWURQVSXWWHULQJ7KHSUHSDUHG ILOPV






VFDWWHULQJPHWKRGV 7KH H[LVWHQFH RI YRUWH[ ILODPHQW VWUXFWXUHV LQPROWHQPHWDO VXUIDFHV KDV EHHQ
HVWDEOLVKHG DQG SHULRGLF DQG FKDRWLFPRWLRQV RI PROWHQ WDQWDOXP DQGPRO\EGHQXP VXUIDFHV KDYH
EHHQDQDO\]HG&RQGLWLRQVRI IRUPDWLRQ DQG VWDELOLW\ RI YDULRXV SKDVHV RI =U2 KDYH EHHQ VWXGLHG
/RZIUHTXHQF\YLEUDWLRQVRIWZRGLVXEVWLWXWHGEHQ]RSKHQRQHVKDYHEHHQVXFFHVVIXOO\UHSURGXFHGE\
ODWWLFHG\QDPLFVFDOFXODWLRQIRUVHPLULJLGPROHFXOHV




















3RND]DOL VPR SRVWRMDQMH ]QDþDMQH VHJUHJDFLMH NLVLND X] VWUXNWXUQH GHIHNWH X ()* SROL6L ERJDWRP
XJOMLNRPQDVWDORJWLMHNRPUDVWDNULVWDOD7DNRVHJUHJLUDQNLVLNQLMHVWDELODQLUDVSDGDVHYHüQDQLåLP





3RND]DOL VPR GD VHPLNUR,5 VSHNWURVNRSLMD X SRVHEQRM JHRPHWULMLPRåH YUOR XþLQNRYLWR NRULVWLWL ]D
DQDOL]XYUOR WDQNLKRNVLGQLKVORMHYDX6L ,VWUDåLYDOLVPRVORMHYH6L2GHEOMLQHRGGRQPXQXWDU
YROXPHQDVLOLFLMD
,VWUDåLYDOL VPR SDUDPDJQHWVNH L RVWDOH GHIHNWH QDVWDOH ERPEDUGLUDQMHP VLOLFLMD V LRQLPD + 6L L .U
,VWUDåLYDOLVPRQDVWDMDQMHDPRUIQRJVLOLFLMD LPSODQWDFLMRP6L L.UX6L LQMHJRYXUHODNVDFLMXJULMDQMHP
7DNR HU VPR SRND]DOL GD (35 PRåH XþLQNRYLWR DQDOL]LUDWL WDNYH SRMDYH ,VWUDåLYDOL VPR UD]OLþLWH
GHIHNWQHVWUXNWXUHQDVWDOH LPSODQWDFLMRP+X6LNDR LNRPSOHNVQHGHIHNWHQDVWDOHQDNRQ WHUPLþNRJ
RGJULMDYDQMD
























FHOOSURGXFWLRQ7KLVJHWWHULQJSURFHGXUHVHUYHVIRUFRQWHPSRUDU\SQ MXQFWLRQ IRUPDWLRQ ,W LVVKRZQ
WKDWPLFUR)7,5VSHFWURVFRS\ LQDSDUWLFXODUJHRPHWU\FRXOGEHHIIHFWLYHO\XVHG IRU WKHDQDO\VLVRI
YHU\WKLQR[LGHOD\HUVLQ6L:HKDYHVWXGLHG6L2OD\HUVWRQPWKLFNZLWKLQWKHEXONRI6L
:HKDYHVWXGLHGSDUDPDJQHWLFDQGRWKHUUHODWHGGHIHFWVIRUPHGXSRQ+6LDQG.ULPSODQWDWLRQLQ6L
)RUPDWLRQ RI DPRUSKRXV 6L E\ 6L DQG .U LPSODQWDWLRQ LQ 6L DV ZHOO DV LWV UHOD[DWLRQ E\ WKHUPDO
DQQHDOLQJ KDYH EHHQ VWXGLHG 6WUXFWXUDO GHIHFWV LQ 3(&9’ GHSRVLWHG 6L[2\1]+ ILOPV IRUPHG XSRQ
WKHUPDO WUHDWPHQW KDYH EHHQ VWXGLHG E\ YDULRXV PHWKRGV %\ GLIIHUHQW RSWLFDO PHWKRGV ZH KDYH






QHXWUDOL]DWLRQ LQ ,,9, VHPLFRQGXFWRUV ’RPLQDQW GHIHFWV LQ *D1 KDYH EHHQ VWXGLHG E\ 3/ 1HZ
PXOWLQDU\ VHPLFRQGXFWRUV KDYH EHHQ V\QWKHVL]HG DQG WKHLU RSWLFDO DQG DFRXVWRRSWLFDO SURSHUWLHV
VWXGLHG1XPHULFDODQDO\VLVRIWKHLPSDFWRIVWUXFWXUDODQGFRPSRVLWLRQDOGLVRUGHURQRSWLFDOSURSHUWLHV
RIPDWHULDOKDVEHHQSHUIRUPHG:HKDYHVWXGLHGGLIIHUHQWIRUPVIRU7L2QDQRSKDVHIRUPDWLRQDQG
EDVLF FKDUDFWHULVWLFV RI VXFK SURGXFHG PDWHULDO DV ZHOO DV VRODU FHOOV EDVHG RQ &H2 :H KDYH
VWXGLHG)HSKRVSKDWHDQG3%*JODVVHV6WUXFWXUDOGHSHQGHQFHRQ WKHFRPSRVLWLRQRI)H3JODVVHV





















3RVWXSNRP PDJQHWURQVNH NRGHSR]LFLMH SULSUDYOMHQL VX WDQNL ILOPRYL VOLWLQD DOXPLQLMD L YROIUDPD X
UDVSRQX VDVWDYD RG$O: GR$O: )LOPRYL X UDVSRQX VDVWDYD $O: GR $O: UHGRYLWR VX
SRWSXQR DPRUIQL D SUL GDOMQMHP SRYHüDQMX XGMHOD YROIUDPD VWUXNWXUD ILOPD VPMHVD MH DPRUIQH L
NULVWDOQHþYUVWHRWRSLQH0LNURWYUGRüDDPRUIQLKILOPRYDL]QRVLRNR*3DLVODERRYLVLRVDVWDYXGRN
VXYHüDQMHPXGMHODYROIUDPD]QDWQRUDVWHLGRVHåHRNR*3D]D$O:(OHNWULþQLRWSRUDPRUIQLK
VOLWLQD $O: X UDVSRQX MH RG  GR  mWFP D WHPSHUDWXUQL NRHILFLMHQW HOHNWULþQRJ RWSRUD LPD
YLVRNHQHJDWLYQH YULMHGQRVWL RG ´ . ]D$O: RSDGDGR QXOH ]D VOLWLQX $O: $QDOL]RP
IXQNFLMVNHRYLVQRVWLHOHNWULþQRJRWSRUDR WHPSHUDWXULSURFLMHQMHQD MH’HE\HRYD WHPSHUDWXUDDPRUIQLK
VOLWLQDVDVWDYDRNR$O:QD.






XJOMLND SUL UD]OLþLWLP XYMHWLPD V FLOMHP XWYU LYDQMD XWMHFDMD QHYH]DQRJ XJOMLND QD RVRELQH ILOPRYD
6WUXNWXUD GRELYHQLK ILOPRYD VPMHVD MH:& L :&[ VXSNDUELGD WH QHYH]DQRJ XJOMLND 3UHOLPLQDUQL
UH]XOWDWL SRND]XMX SRVWRMDQMH XJOMLNRYRGLþQLK DJORPHUDFLMD X ILOPRYLPD SULSUDYOMHQLPD X]  XGMHOD
EHQ]HQDXUDGQRPSOLQXNRMHVXYMHURMDWQRX]URNVODELKPHKDQLþNLKRVRELQDWDNYLKILOPRYD
3RVWXSNRPUHDNWLYQRJ$U+EHQ]HQPDJQHWURQVNRJUDVSUDªHQMDSULSUDYOMHQLVXVORMHYLDPRUIQLK




X FLOLQGULþQRP PDJQHWURQX SUL XYMHWLPD XþLQNRYLWRJ UDVSUDªHQMD 8WYU HQ MH ]QDþDMDQ XWMHFDM
UDVSUDªHQLK þHVWLFD QD HQHUJLMVNX UDVSRGMHOX LRQD DUJRQD L SURFHVH YDåQH ]D RGYLMDQMH
PHJQHWURQVNRJDHOHNWULþQRJL]ERMD
0HWRGDPD YUHPHQVNL UD]OXþHQH RSWLþNH VSHNWURVNRSLMH LVSLWLYDQD MH SOD]PD SURL]YHGHQD ODVHUVNRP
DEODFLMRPVWLMHQNLNDSLODUH8WYU HQRMHGDMHSOD]PDQDL]ODVNXL]NDSLODUH]QDWQRUMH DLKODGQLMDQHJR
X VOXþDMX ODVHUVNH DEODFLMH UDYQH SRYUªLQH DOL L PDQMH NRQWDPLQLUDQD SDUWLNXODPD L NDSOMLFDPD 7R

SUXåDPRJXüQRVW IRUPLUDQMD NYDOLWHWQLMLK WDQNLK ILOPRYD QHJR VWDQGDUGQLP SRVWXSNRPDEODFLMH UDYQH
SRYUªLQH
5HVHDUFKSURJUDPPHDQGUHVXOWV
7KLQ DPRUSKRXV ILOPV RI DOXPLQXPWXQJVWHQ DOOR\V LQ WKH $O:$O: FRPSRVLWLRQ UDQJH KDYH
EHHQSUHSDUHGE\WKHPDJQHWURQFRGHSRVLWLRQWHFKQLTXH)LOPVFRQWDLQLQJDWRIWXQJVWHQDUH
FRPSOHWHO\DPRUSKRXVZKLOHIXUWKHULQFUHDVHRIWXQJVWHQFRQWHQWXSWRDWUHVXOWVLQIRUPDWLRQRI
DPL[WXUH RI DPRUSKRXV SKDVH DQG FU\VWDOOLQH VROLG VROXWLRQ 0LFURKDUGQHVV RI DPRUSKRXV ILOPV LV
DERXW  *3D DQG GHSHQGV RQO\ VOLJKWO\ XSRQ FRPSRVLWLRQ +RZHYHU PLFURKDUGQHVV LQFUHDVHV
VLJQLILFDQWO\E\LQFUHDVLQJLQWXQJVWHQFRQWHQWEH\RQGWKHDPRUSKLFLW\UDQJHDQGLWUHDFKHVDERXW
*3D IRU WKH$O:DOOR\7KHHOHFWULF UHVLVWLYLW\RIDPRUSKRXV$O:DOOR\V UDQJHV IURP WR 






WKH HOHFWULF UHVLVWDQFH DQG E\ WKH GHWHUPLQDWLRQ RI WKH ILOP VWUXFWXUH DW VHOHFWHG WHPSHUDWXUHV
FU\VWDOOL]DWLRQ WHPSHUDWXUHV RI DPRUSKRXV ILOPV KDYH EHHQ GHWHUPLQHG IRU WKH ZKROH UDQJH RI
DPRUSKLFLW\ &U\VWDOOL]DWLRQ WHPSHUDWXUHV UDQJH IURP  . IRU WKH $O: DOOR\ WR  . IRU WKH
$O: DOOR\ $ SULQFLSDO HQGSURGXFW RI FU\VWDOOL]DWLRQ IRU DOO DOOR\V LV WKH $O: LQWHUPHWDOOLF
FRPSRXQG7KHREWDLQHGUHVXOWVPDNHWKH$O:ILOPVLQWHUHVWLQJIRUVRPHDSSOLFDWLRQV
7KLQ ILOPV RI WXQJVWHQFDUERQ DOOR\V KDYH EHHQ SUHSDUHG E\ UHDFWLYH $UEHQ]HQH PDJQHWURQ
VSXWWHULQJ DW YDULRXV FRQGLWLRQV LQ RUGHU WR HVWDEOLVK WKH HIIHFWV RI XQERXQG FDUERQ XSRQ ILOP
SURSHUWLHV 7KH SUHSDUHG ILOPV FRQWDLQHG :& DQG :&[ WXQJVWHQ VXEFDUELGHV DQG IUHH FDUERQ
3UHOLPLQDU\ UHVXOWV LQGLFDWH WKDWK\GURFDUERQ IUDJPHQWVEXULHG LQWR ILOPVGXULQJGHSRVLWLRQZLWK KLJK
UHODWLYHSURSRUWLRQRIEHQ]HQHPLJKWFDXVHSRRUPHFKDQLFDOSURSHUWLHVRIVXFKILOPV
7KLQ DPRUSKRXV ILOPV RI K\GURJHQDWHG VLOLFRQFDUERQ DOOR\V KDYH EHHQ SUHSDUHG E\ UHDFWLYH
$U+EHQ]HQHPDJQHWURQVSXWWHULQJ7KHFOXVWHUVRIGLDPRQGOLNHFDUERQKDYHEHHQREVHUYHGE\
WKHPHWKRG RI5DPDQ VSHFWURVFRS\ ZKLOH VPDOODQJOH;UD\ VFDWWHULQJ KDV UHYHDOHG  QP VL]HG




PDJQHWURQRSHUDWLRQ6LJQLILFDQWHIIHFWVRIVSXWWHUHGDWRPVXSRQ WKHDUJRQ LRQGLVWULEXWLRQVDQG WKH
VFDWWHULQJSURFHVVHVLQPDJQHWURQSODVPDKDYHEHHQREVHUYHG
3ODVPD SURGXFHG E\ WKH ODVHU DEODWLRQ RI WKH FDSLOODU\ ZDOOV KDV EHHQ H[DPLQHG E\ WLPHUHVROYHG
RSWLFDOVSHFWURVFRS\PHWKRGV7KHSODVPDWKXVSURGXFHGH[KLELWVVLJQLILFDQWO\ORZHUWHPSHUDWXUHDQG

















9LEUDFLMVNDGLQDPLND L GLQDPLNDPDWHULMHX LQWHUDNFLML V LQWHQ]LYQLP ODVHUVNLP]UDþHQMHP LVWUDåXMHVH
SUHWHåLWR PHWRGDPD 5DPDQRYH L LQIUDFUYHQH VSHNWURVNRSLMH VYMHWORVQRP L HOHNWURQVNRP
PLNURVNRSLMRP WHPHWRGDPDUDVSUªHQMD5H]XOWDWL VXREMDYOMHQLX]QDQVWYHQD UDGDXþDVRSLVLPD
REXKYDüHQLPD&&L6&,GYDVXUDGDXRVWDOLPþDVRSLVLPDWHMHGDQUDGLSHWVDåHWDNDX]ERUQLFLPD
]QDQVWYHQLK VNXSRYD 8WYU HQR MH SRVWRMDQMH YUWORåQLK QLWQLK VWUXNWXUD X UDVWDOMHQLP PHWDOQLP
SRYUªLQDPD WH DQDOL]LUDQD SHULRGLþQD L NDRWLþQD JLEDQMD QD UDVWDOMHQRM WDQWDORYRM SRYUªLQL
1LVNRIUHNYHQWQRP 5DPDQRYRP VSHNWURVNRSLMRP RGUH HQH VX QDQRPHWDUVNH YHOLþLQH þHVWLFD 7L2
SULSUDYOMHQLK VROJHO L GUXJLP WHKQLNDPD ,]XþHQL VX XYMHWL IRUPLUDQMD L VWDELOQRVWL UD]QLK ID]D =U2
1LVNRIUHNYHQWQH YLEUDFLMH GYD VXSVWLWXLUDQD EHQ]RIHQRQD XVSMHªQR VX UHSURGXFLUDQH UDþXQRP
GLQDPLNHUHªHWNH]DSROXNUXWHPROHNXOH
5HVHDUFKSURJUDPPHDQGUHVXOWV
7KH UHVHDUFK IRFXVHVRQ WKHVWXG\RIYLEUDWLRQDOG\QDPLFVDVZHOO DVRQ WKHG\QDPLFVRIPDWWHU LQ
LQWHUDFWLRQ ZLWK DQ LQWHQVH ODVHU EHDP 7KH PHWKRGV XVHG FRPSULVH 5DPDQ DQG LQIUDUHG
VSHFWURVFRS\OLJKWDQGHOHFWURQLFPLFURVFRS\DQGVFDWWHULQJPHWKRGV7KHUHVXOWVDUHSXEOLVKHGLQ
VFLHQWLILFSXEOLFDWLRQV LQ MRXUQDOV OLVWHG LQ&&DQG6&, WZRDUWLFOHV LQRWKHU MRXUQDOVDQGRQHDUWLFOH
DQGILYHDEVWUDFWVLQFRQIHUHQFHSURFHHGLQJV
7KH H[LVWHQFH RI YRUWH[ ILODPHQW VWUXFWXUHV LQ PROWHQ PHWDO VXUIDFHV KDV EHHQ HVWDEOLVKHG DQG
SHULRGLFDQGFKDRWLFPRWLRQVRQPROWHQWDQWDOXPDQGPRO\EGHQXPVXUIDFHKDYHEHHQDQDO\VHG8VLQJ
ORZIUHTXHQF\ 5DPDQ VSHFWURVFRS\ WKH VL]HV RI QDQRSKDVH 7L2 SDUWLFOHV SUHSDUHG YLD VROJHO
V\QWKHVLVKDYHEHHQGHWHUPLQHG7KHFRQGLWLRQVRIIRUPDWLRQDQGVWDELOLW\RIYDULRXVSKDVHVRI=U2
KDYH EHHQ LQYHVWLJDWHG /RZIUHTXHQF\ YLEUDWLRQV RI WZR VXEVWLWXWHG GLEHQ]RSKHQRQV KDYH EHHQ
VXFFHVVIXOO\UHSURGXFHGXVLQJODWWLFHG\QDPLFVFDOFXODWLRQIRUVHPLULJLGPROHFXOHV
35,/2=,
=QDQVWYHQL UDGRYL REMDYOMHQL X
þDVRSLVLPD NRML VX LQGHNVLUDQL X
&XUUHQW&RQWHQWVX












+D\QHV 7 ( 0RUSKRORJ\ RI WKH LPSODQWDWLRQ
LQGXFHG GLVRUGHU LQ *D$V VWXGLHG E\ 5DPDQ
VSHFWURVFRS\ DQG LRQ FKDQQHOLQJ 3K\VLFDO 5HYLHZ
%
 *DPXOLQ 2 ,YDQGD0 ’HVQLFD 8 )XULü .
&RPSDULVRQ RI VWUXFWXUDO FKDQJHV RI DPRUSKRXV
VLOLFRQ LQWURGXFHG E\ WKHUPDO DQG &: DQQHDOLQJ
-RXUQDORI0ROHFXODU6WUXFWXUH

 *RWLü 0 ,YDQGD 0 3RSRYLü 6 0XVLü 6
6HNXOLü $ 7XUNRYLü $ )XULü . 5DPDQ
LQYHVWLJDWLRQ RI QDQRVL]HG 7L2 -RXUQDO RI 5DPDQ
6SHFWURVFRS\
 *XL]]HWWL*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3URJUDP SROD]L RG WHPHOMQLK FLOMHYD ]QDQRVWL L WHKQRORJLMH GHILQLUDQLK X 1DFLRQDOQRP
]QDQVWYHQRLVWUDåLYDþNRP SURJUDPX +UYDWVNH 1=,3 WH SRVHELFH SRGXSLUH SRVWXSQR VWYDUDQMH
YLVRNRSURL]YRGQRJD L XþLQNRYLWRJ JRVSRGDUVWYD VSRVREQRJD ]D JHQHULUDQMH SULPDQMH L GLIX]LMX
]QDQVWYHQRWHKQRORJLMVNLK LQRYDFLMD 3URJUDP QDVWRML LVWUDåLWL L UD]YLWL SRVWXSNH PRGHOLUDQMD
RSWLPL]DFLMH L DXWRPDWL]LUDQH GLMDJQRVWLNH WHKQLþNLK SURFHVD LQWHOLJHQWQLP UDþXQDOVNLP VXVWDYLPD
3RUHG SRWLFDMD JRVSRGDUVWYX SURJUDP VH L]UDYQR XNODSD X WHPDWVNH SULRULWHWH QDYHGHQH X 1=,3
SULGRQRVHüL UD]YLWNX L SULPMHQL LQIRUPDFLMVNLK L NRPXQLNDFLMVNLK WHKQRORJLMD 3UHGXYMHW ]D RSWLPDOQR
PRGHOLUDQMHSURFHVDVXNYDOLWHWQLSRVWXSFLSULPDUQHREUDGHVLJQDODNRMLüH]DSROD]LªWHX]HWLNODVLþQH
PHWRGH GHWHUPLQLVWLþNH L VWRKDVWLþNH WH LVWUDåLWL PRJXüQRVWL SREROMªDQMD WLK SRVWXSDND XPMHWQLP
QHXURQVNLP PUHåDPD L JHQHWLþNLP DOJRULWPLPD 3UHWSRVWDYND R SUREDELOLVWLþNRM SULURGL VLJQDOD
REXKYDüD LQKHUHQWQD RELOMHåMD SURFHVD WH VYH SRUHPHüDMH X DPSOLWXGQRPH HQHUJHWVNRP L
YUHPHQVNRP SRGUXþMX ,]JUDGQMD PRGHOD RVODQMDW üH VH QD SRVWXSNH LQGXNFLMH UHODFLMD L] VNXSD
SRGDWDNDGRELYHQLKVLPXODFLMRPLOLPMHUHQMHPSDUDPHWDUDSURFHVD5DVX LYDQMHXPRGHOXWHPHOMLWüH
VH QD ORJLþNLP SRVWXSFLPD GRND]LYDQMD WHRUHPD SURªLUHQLPD QHL]UD]LWRP ORJLNRP LQGLNDWRULPD
QHL]YMHVQRVWL SUREDELOLVWLþNLP NDX]DOQLP PUHåDPD WH REUDVFLPD XVSMHªQR ULMHªHQLK SUREOHPD









RSWLPL]DWLRQ DQG DXWRPDWHG GLDJQRVWLF SURFHGXUHV RI WHFKQLFDO SURFHVVHV E\ LQWHOOLJHQW FRPSXWHU
V\VWHPV $ORQJ ZLWK WKH HIIHFWLYH HFRQRP\ VXSSRUW WKH SURJUDPPH LV FRQVLVWHQW ZLWK WKH SULRULW\
UHVHDUFK WRSLFV OLVWHG LQ WKH1=,3E\ GLUHFWO\ FRQWULEXWLQJ WR WKHGHYHORSPHQWDQGDSSOLFDWLRQRI WKH
LQIRUPDWLRQDQGFRPPXQLFDWLRQWHFKQRORJLHV3UHUHTXLVLWHVIRURSWLPDOSURFHVVPRGHOOLQJDUHILUVWUDWH
SULPDU\ VLJQDO SURFHVVLQJ PHWKRGV WKDW EXLOG XSRQ WKH FODVVLFDO GHWHUPLQLVWLF DQG VWRFKDVWLF
WHFKQLTXHVDQGDVSLUHWRHQKDQFHWKHVHPHWKRGVE\HPSOR\LQJDUWLILFLDOQHXUDOQHWZRUNVDQGJHQHWLF
DOJRULWKPV 7KH SUHVXPSWLRQ RQ SUREDELOLVWLF IHDWXUHV RI VLJQDOV LQFOXGHV LQKHUHQW SURFHVV
FKDUDFWHULVWLFV DQG DOO SHUWXUEDWLRQV LQ LWV DPSOLWXGH HQHUJ\ DQG WLPH GRPDLQ 3URFHVV PRGHO
FRQVWUXFWLRQ ZLOO EH EDVHG RQ DXWRPDWHG LQGXFWLYH SURFHGXUHV WKDW GLVFRYHU UHODWLRQV ZLWKLQ WKH
PHDVXUHGRUVLPXODWHGGDWDVHWV$XWRPDWHGPRGHOEDVHGUHDVRQLQJZLOOFRQWLQXHWRHPSOR\V\PEROLF
ORJLF DQG WKHRUHP SURYLQJ PHWKRGV DXJPHQWHG ZLWK IX]]\ YDULDEOHV XQFHUWDLQW\ PHDVXUHV


















UHDNWLYQR YL]XDOQR SURJUDPLUDQMH L REOLNRYDQMH VXVWDYD SURªLUHQR MH QD KHWHURJHQH UDVSRGLMHOMHQH
LQVWUXPHQWDFLMVNH VXVWDYH NRML VOLMHGH SRGDWNRYQR XSUDYOMDQ REUD]DF 8 RNYLUX LVWUDåLYDQMD
DXWRPDWL]LUDQLKSRVWXSDND L]JUDGQMHPRGHODVXVWDY ,//0]D LQGXNWLYQRVWURMQRXþHQMHSULODJR HQ MH
UDGX VD VNXSRYLPD NRML PRJX VDGUåDYDWL L QHWRþQH SULPMHUH 1MHJRYD SULPMHQOMLYRVW WHVWLUDQD MH QD
UD]QLP GRPHQDPD XNOMXþXMXüL L GHVHW PHGLFLQVNLK GRPHQD ]D NRMH MH SR]QDWR GD VX WHªNL UHDOQL
SUREOHPL 8 VNORSX LVWUDåLYDQMD SRVWXSDND DXWRPDWL]LUDQRJD PRGHOVNRJ UDVX LYDQMD SRVHELFH QD
WHPHOMXQHL]YMHVQHLQIRUPDFLMHHPSLULþNLVX LVWUDåHQHNRUHODFLMH L]PH XUD]OLþLWLKGRPHQDSULPMHQH L
VWUDWHJLMD GHGXNFLMVNRJ UD]UMHªDYDQMD ,VWUDåHQL VX L]YRUL QHNRQ]LVWHQWQRJ XSUDYOMDQMD V IDNWRULPD
QHL]YMHVQRVWL X GHGXNFLMVNRP ]DNOMXþLYDQMX WH MH SUHGORåHQ QRYL LVSUDYDQ SRVWXSDN UDVX LYDQMD V
SULPMHQRP X GLMDJQRVWLFL WHKQLþNLK VXVWDYD 8 SULPMHQDPD PRGHOLUDQMD SURFHVD V FLOMHP QMLKRYH
RSWLPL]DFLMHLGLMDJQRVWLNHRVWYDUHQLVXQRYLPRGHOL]DDQDOL]XSURFHVDX MH]JULQXNOHDUQRJUHDNWRUD




7KH UHVHDUFK FRYHUHG E\ WKH JUDQW ZLWKLQ WKH SURFHVV PRGHOOLQJ HQYLURQPHQW UHVHDUFK DUHD KDV




EHHQ WHVWHGRQ YDULRXVGRPDLQV LQFOXGLQJ WHQPHGLFDO GRPDLQV WKDW DUH NQRZQ WR EH GLIILFXOW UHDO
ZRUOG SUREOHPV 7KH UHVHDUFK RQ DXWRPDWHG PRGHOEDVHG UHDVRQLQJ ZLWK SDUWLFXODU DWWHQWLRQ WR
XQFHUWDLQW\PDQDJHPHQWKDVUHVXOWHGLQHPSLULFDOO\HVWDEOLVKHGGRPDLQGHSHQGHQFLHVRIDXWRPDWHG
WKHRUHPSURYLQJUHVROXWLRQVWUDWHJLHV6RXUFHVRI LQFRQVLVWHQWXQFHUWDLQW\PDQDJHPHQW LQGHGXFWLYH
DXWRPDWHG UHDVRQLQJ KDYH EHHQ LQYHVWLJDWHG DQG LGHQWLILHG $ QHZ VRXQG GHGXFWLYH UHDVRQLQJ
SURFHGXUH ZLWK XQFHUWDLQW\ PDQDJHPHQW KDV EHHQ SURSRVHG DQG DSSOLHG WR WHFKQLFDOV\VWHP
GLDJQRVLV $QDO\VLV DQG RSWLPL]DWLRQ WHFKQLTXHV HPSOR\HG IRU VSHFLILF WHFKQLFDO SURFHVVHV KDYH


















8RNYLUX WHPH 2SWLPL]DFLMDREUDGHVLJQDOD LSRGDWDND UH]XOWDWL UDGDREXKYDüDMXPMHUHQMH L REUDGX
YLªHGLPHQ]LMVNLK ’ L ’ VLJQDOD WH DQDOL]X WHPHOMQLK SRGDWNRYQLK VWUXNWXUD L DOJRULWDPD REUDGH
5D]PDWUDQH VX L XVSRUH HQH PHWRGH SREROMªDQMD WRþQRVWL PMHUHQMD NUDWNLK YUHPHQVNLK LQWHUYDOD
RGQRVQR YUHPHQD NDªQMHQMD VLJQDOD 2SWLPL]LUDQL VX XYMHWL UDGD YUHPHQVNRJ GLVNULPLQDWRUD VWRS
LPSOXVDXVXVWDYXPMHUHQMDNUDWNLKYUHPHQVNLK LQWHUYDODRSWRHOHNWURQLþNLPSRVWXSNRP3UHGORåHQ MH
DOJRULWDP]DRSLVLYDQMHLSUHSR]QDYDQMH’ELQDUQHVOLNHREOLNDSULPMHQRPPRGLILFLUDQHPRUIRORªNH
VLJQDWXUQH WUDQVIRUPDFLMH 067NRMDNRULVWLRSHUDFLMHHUR]LMH LGLODWDFLMH=DNODVLILNDFLMX’ELQDUQH
VOLNH X SULVXWQRVWL ªXPD GRELYHQH FLUNXODUQLP VNDQLUDQMHP SULPLMHQMHQD MH NDVNRGQRNRUHOLUDQD
QHXURQVNDPUHåD$QDOL]LUDQLVX’PRGHOLREOLFLVLOQLFDWRNDGRELYHQLLQWHUDNFLMRPQDQRVHNXQGQRJD
SXOVQRJ ODVHUDYHOLNHVQDJHVPDWHULMDORPWDQWDO LPROLEGHQ8REUDGL L DQDOL]L SRGDWDND SURFHVD
SURYHGHQMHSURUDþXQSROMD]UDþHQMDLQWHJUDFLMRPIXQNFLMH3RLQWNHUQHO]DVWDQGDUGQHJHRPHWULMHL]YRU
ªWLW X] XSRWUHEX EXLOGXS IDNWRUD X IRUPL SURªLUHQLK SROLQRPD 5H]XOWDWL VX SULND]DQL SUHNR




7KH UHVHDUFK FRYHUHG E\ WKH JUDQW 2SWLPL]DWLRQ RI VLJQDOV DQG GDWD SURFHVVLQJ HPERGLHV
PHDVXUHPHQWDQGSURFHVVLQJRIPXOWLGLPHQVLRQDO’DQG’VLJQDOVDVZHOODV IXQGDPHQWDOGDWD
VWUXFWXUHVDQGSURFHVVLQJDOJRULWKPV ,QSDUWLFXODUPHWKRGVRI UHVROXWLRQ LPSURYHPHQWRIVKRUW WLPH
LQWHUYDODVZHOODV WLPHGHOD\PHDVXUHPHQWVKDYHEHHQDQDO\VHG&RQGLWLRQV IRURSWLPXPZRUNLQJ
UHJLPH RI D VWRS LPSXOVH WLPLQJ GLVFULPLQDWRU DV D SDUW RI DQ RSWRHOHFWURQLF V\VWHP IRU VKRUW WLPH
LQWHUYDOVKDYHEHHQGHILQHG$QDOJRULWKPIRU’VKDSHGHVFULSWLRQDQGUHFRJQLWLRQWKDWXVHVPRGLILHG
0RUSKRORJLFDO 6LJQDWXUH7UDQVIRUP 067ZLWK ERWK HURVLRQ DQG GLODWDWLRQ RSHUDWLRQV LV SURSRVHG
7KH FDVFDGHFRUUHODWLRQ QHXUDO QHWZRUN KDV EHHQ DSSOLHG WR WKH FODVVLILFDWLRQ RI ’ ELQDU\ LPDJH
VKDSHLQWKHSUHVHQFHRIDGGLWLYHQRLVHREWDLQHGE\FLUFXODULPDJHVFDQQLQJ7ZRGLPHQVLRQDOIORZ







=QDQVWYHQL UDGRYL REMDYOMHQL X þDVRSLVLPD
NRMLVXLQGHNVLUDQLX&XUUHQW&RQWHQWVX
 /XJRPHU 6 0DNVLPRYLü $ /DVHU,QGXFHG
7ZR’LPHQVLRQDO3HULRGLFDQG&KDRWLF0RWLRQVRQ
0ROWHQ 7DQWDOXP DQG 0RO\EGHQXP 6XUIDFHV
3KLORVRSKLFDO 0DJD]LQH %3K\VLFV RI &RQGHQVHG
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0,352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,//0  ,QGXFWLYH /HDUQLQJ$OJRULWKPDV D0HWKRG
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
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 6NDOD . 2SWLFDOO\
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XU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 6NDOD .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 *,6 DQG *36






 0HGYHG 5RJLQD % 3REROMªDQMH WRþQRVWL
PMHUHQMD NUDWNLK YUHPHQVNLK LQWHUYDOD
RSWRHOHNWURQLþNLP SRVWXSNRP  GRNWRUVND
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XNLü = /RQþDULü 6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0RUSKRORJLFDO 6LJQDWXUH 7UDQVIRUP IRU 6KDSH
’HVFULSWLRQ,QWHUQDWLRQDO6\PSRVLXPRQ1RQOLQHDU
3URFHVVLQJ6DQ-RVH6$’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*DPEHUJHU ’ /DYUDF 1 &RQGLWLRQV IRU 2FFDPV




$XWRPDWHG 7KHRUHP 3URYLQJ 5HVROXWLRQ
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
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 /DVHU *HQHUDWHG
6ROLWRQV RQ 9RUWH[ )LODPHQWV RQ 7D 6XUIDFH WK
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
%DüH 0 3HYHF ’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&RQWURO RI ’LVWULEXWHG ,QGXVWULDO ,QVWUXPHQWDWLRQ















0H XQDURGQL XJRYRUL L VXUDGQMD V
GUXJLPXVWDQRYDPD
*DPEHUJHU ’ ,QGXFWLYH /RJLF 3URJUDPPLQJ  3DQ











































,QWHUGLVFLSOLQDUQLP SULVWXSRP L]XþHQ MH RGQRV VWUXNWXUH L GLQDPLNH WH VYRMVWYD PROHNXOD
3ULSUDYOMHQH VX UD]OLþLWH VNXSLQH QRYLK VSRMHYD RG VXSUDPROHNXOQLK GR DQRUJDQVNLK RUJDQVNLK L
RUJDQRPHWDOQLKNRPSOHNVD,]ROLUDQLVXSURWHLQLVFLOMHPL]XþDYDQMDQMLKRYHVWUXNWXUHLXþLQND’RªORVH
GRQRYLKVSR]QDMDRIL]LþNRNHPLMVNLPVYRMVWYLPDSUDüHQMHPGLQDPLNHVLQWHWLþNLKLELRORªNLKSROLPHUD
5D]YLMHQH VX QRYH DQDOLWLþNH L LQVWUXPHQWDOQH PHWRGH ]D WHPHOMQX NHPLMVNX NDUDNWHUL]DFLMX
VSRMHYD8RGUH LYDQMXPROHNXOQHVWUXNWXUHQRYLKVSRMHYD UDELRVHQL]VSHNWURVNRSVNLKPHWRGDNDR




,]XþDYDQL VX NHPLMVNL SURFHVL X RWRSLQDPD ªWR XNOMXþXMH RWDSDQMH WDORåHQMH DGVRUSFLMX
DVRFLMDFLMXWHNRPSOHNVLUDQMHXRWRSLQDPDUD]OLþLWHLRQVNHMDNRVWLSRVHELFHXSULURGQLPYRGDPD
3RVWLJQXWL HNVSHULPHQWDOQL UH]XOWDWL QDGRJUD HQL VX WHRULMVNLP SRVWXSFLPD WHPHOMHQLP QD
YHOLNLPPRJXüQRVWLPD UDþXQDOQH NHPLMH L XSRUDEL RELOQLK GDWRWHND V FLOMHP XVSRVWDYOMDQMD RGQRVD
L]PH XVWUXNWXUHLVYRMVWDYDRGDEUDQLKVNXSLQDVSRMHYD46$5WHREMDªQMHQMDPHKDQL]DPDNHPLMVNLK








DQG G\QDPLFV DQGPROHFXODU SURSHUWLHV$ ODUJH YDULHW\ RI QHZ VXEVWDQFHV KDYH EHHQ V\QWKHVLVHG
LQFOXGLQJVXSUDPROHFXODU LQRUJDQLFDQGRUJDQLF FRPSRXQGVDQGRUJDQRPHWDOOLF FRPSOH[HVDVZHOO
6RPHSURWHLQV KDYH EHHQ LVRODWHG LQ RUGHU WR VWXG\ WKHLU VWUXFWXUHV DQG IXQFWLRQV9DOXDEOH UHVXOWV
UHODWHG WR SK\VLFFKHPLFDO SURSHUWLHV DQGPROHFXODU G\QDPLFV RI V\QWKHWLF DQG ELRORJLFDO SRO\PHUV
KDYHEHHQDFKLHYHG




1HZ H[SHULPHQWDO DQG WKHRUHWLFDO PHWKRGV IRFXVHG RQ VWUXFWXUDO FKDUDFWHULVDWLRQ DQG PROHFXODU
G\QDPLFVRIQRYHODQGFODVVLFDOFRPSRXQGVKDYHEHHQGHYHORSHG7KHNQRZOHGJHJDLQHGLVHVVHQWLDO
LQDVHDUFKIRUDSSOLFDWLRQVRIWKHVHVXEVWDQFHV
&KHPLFDO SURFHVVHV LQ VROXWLRQ VROXELOLW\ SUHFLSLWDWLRQ DGVRUSWLRQ DVVRFLDWLRQ DQG
FRPSOH[LRQ LQVROXWLRQVRIGLIIHUHQW LRQLFVWUHQJWKVKDYHEHHQDQDO\VHGSDUWLFXODUO\ WKRVH UHODWHG WR
QDWXUDOZDWHUV
7KH H[SHULPHQWDO UHVXOWV REWDLQHG KDYH EHHQ H[WHQGHG E\ WKHRUHWLFDO SURFHGXUHV EDVHG RQ JUHDW
DGYDQWDJHV RI FRPSXWDWLRQDO FKHPLVWU\ DQG H[WHQVLYH GDWD EDVHV LQ RUGHU WR HVWDEOLVK VWUXFWXUH
DFWLYLW\ FRUUHODWLRQ 46$5 IRU YDULRXV JURXSV RI FRPSRXQGV DQG WR XQGHUVWDQG WKHPHFKDQLVP RI
FKHPLFDO UHDFWLRQVDW WKHDWRPLFDQGPROHFXODU OHYHOV&RPSXWHUPRGHOOLQJKDVEHHQDSSOLHG LQ WKH
PROHFXODU  UHFRJQLWLRQ DSSURDFK LQ RUGHU WR XQGHUVWDQG WKH FKHPLFDO UHDFWLYLW\ RI SROOXWDQWV
SDUWLFXODUO\ DWPRVSKHULF DQG YDULRXV ELRORJLFDO V\VWHPV *UDSK WKHRU\ KDV EHHQ XVHG WR GHILQH
GLIIHUHQW FODVVHV RI PROHFXOHV RU WKHLU DJJUHJDWHV 8VHIXO WKHRUHWLFDO PRGHOV GHVFULELQJ YDULRXV
PROHFXODU SURSHUWLHV KDYH EHHQ HVWDEOLVKHG 7KH VFLHQWLVWV RI WKH 3K\VLFDO &KHPLVWU\ ’HSDUWPHQW















7RPLVODY &YLWDª GRNWRU NHP ]QDQRVWL UHGRYLWL SURIHVRU 3ULURGRVORYQRPDWHPDWLþNL IDNXOWHW
6YHXþLOLªWHX=DJUHEX
/MLOMDQD 3DªD7ROLü GRNWRULFD NHP ]QDQRVWL YLªD DVLVWHQWLFD 3DFLILF 1DWLRQDO ODERUDWRU\ 5LFKODQG
6$’
3URJUDPLUH]XOWDWLUDGD
7HPD LVWUDåXMH VDVWDY ]UDND V RE]LURP QD PLNURNRQVWLWXHQWH WH QMLKRYD VYRMVWYD
WUDQVIRUPDFLMH L WUDQVSRUWXDWPRVIHULQDGUD]OLþLWLPSRGUXþMLPD+UYDWVNHXXUEDQLPVUHGLQDPD QSU
=DJUHENRQWLQHQWDOQLPNUDMHYLPDGDOHNRRGYHOLNLKL]YRUDQSU0HGYHGQLFD LSULPRUVNLPNUDMHYLPD
QSU0DOL/RªLQM ,VSLWLYDWüHVHVWUXNWXUQDNLQHWLþND L WHUPRGLQDPLþNDVYRMVWYDVSRMHYDNRMLXOD]HX
DWPRVIHUXLOLVXGMHOXMXXL]PMHQL]UDNWORLOL]UDNYRGD
,VWUDåLYDQR MH VWYDUDQMH UD]JUDGQMD L WUDQVSRUW R]RQD L IRWRRNVLGDQVD QD UD]QLP ORNDFLMDPD
+UYDWVNH L 6UHGR]HPOMD 5D]UD LYDQH VX PHWRGH DQDOL]H PLNURVDVWRMDND ]UDND NRPSMXWRUVNH L
VWDWLVWLþNH PHWRGH REUDGH UH]XOWDWD LQWHUSUHWDFLMH PMHUHQMD SRVHEQR X VYH]L V PHWHRURORªNLP
SRGDFLPD L YLVLQVNLP L GDOMLQVNLP WUDQVSRUWRP ,VWUDåLYDQH VX UHDNFLMH OLJDFLMH PHWDOQLK LRQD
SROLFLNOLþNLPDURPDWVNLPXJOMLNRYRGLFLPDLLOLQMLKRYLPKHWHURFLNOLþNLPDQDOR]LPDXSOLQVNRMID]L
5H]XOWDWL VXREMDYOMHQL X ]QDQVWYHQLPþDVRSLVLPDVPH XQDURGQRP UHFHQ]LMRPNRMHSRNULYD
&XUUHQW&RQWHQWV











7KH SURJUDPPH LQYROYHV WKH LQYHVWLJDWLRQ RI WUDFH FRQVWLWXHQWV RI DLU WKHLU SURSHUWLHV
WUDQVIRUPDWLRQDQG WUDQVSRUW LQ WKHDWPRVSKHUHRYHU WKHGLIIHUHQW UHJLRQVRI&URDWLD LQXUEDQDUHDV
HJ =DJUHE FRQWLQHQWDO UHPRWH UHJLRQV HJ 0HGYHGQLFD DQG FRDVWDO DUHDV HJ 0DOL /RªLQM
6WUXFWXUDONLQHWLFDQG WKHUPRG\QDPLFSURSHUWLHVZLOOEH LQYHVWLJDWHG IRUFRPSRXQGVZKLFKHQWHU WKH
DWPRVSKHUHDQGFRQWULEXWHWRDLUVRLODQGDLUZDWHUH[FKDQJH




5HDFWLRQV RI PHWDOOLF LRQV ZLWK SRO\F\FOLF DURPDWLF K\GURFDUERQV DQGRU WKHLU KHWHURF\FOLF
DQDORJXHVLQJDVHRXVSKDVHKDYHEHHQLQYHVWLJDWHG

5HVXOWV DUH SXEOLVKHG LQ VFLHQWLILF MRXUQDOV ZLWK LQWHUQDWLRQDO UHYLHZ TXRWHG LQ &XUUHQW
&RQWHQWV


































LQWHUHVD VX L LVWUDåLYDQMH VXSUDPROHNXODUQRJ PLFHOH YH]LNXOH WHNXüL NULVWDOL L PROHNXODUQRJ
WDORåHQMHRUJDQL]LUDQMDXYRGHQLPRWRSLQDPDSRYUªLQVNLDNWLYQLKWYDULLLVWXGLMDGVRUSFLMHSRYUªLQVNL
DNWLYQLK WYDUL QDPH XSRYUªLQH LLL LVWUDåLYDQMHQDVWDMDQMD LVWDUHQMDDQRUJDQVNLKNULVWDODX YRGHQLP
RWRSLQDPDSRYUªLQVNLDNWLYQLK WYDUL LYRGUH LYDQMH IL]LþNLK LNHPLMVNLKVYRMVWDYDVORERGQLK UDGLNDOD L
SREX HQLKVWDQMDYLVWUDåLYDQMHNLQHWLNHLPHKDQL]PDUHDNFLMDVORERGQLKUDGLNDODLSREX HQLKVWDQMD
X RWRSLQDPD L PLFHODUQLP VXVWDYLPD 3UHPD JODYQLP SUDYFLPD LVWUDåLYDQMD DGL D RGUH HQL VX
WHUPRGLQDPLþNL SDUDPHWUL QDVWDMDQMD PLMHªDQLK PLFHOD L QMLKRY VDVWDY E SULSUDYOMHQH VX L
NDUDNWHUL]LUDQH QRYH NDWDQLRQVNH SRYUªLQVNL DNWLYQH WYDUL L LVWUDåHQD WHUPLþND VYRMVWYD DGLL D
RGUH HQL VX WHUPRGLQDPLþNL SDUDPHWUL DGVRUSFLMH L VDVWDY PLMHªDQRJ PRQRVORMD SRYUªLQVNL DNWLYQLK
WYDULQDPH XSRYUªLQLRWRSLQD]UDNERGUH HQLVXPHKDQL]DPLWHUPRGLQDPLþNLSDUDPHWULDGVRUSFLMH
LRQVNLK SRYUªLQVNL DNWLYQLK WYDUL QD DQRUJDQVNLP NULVWDOLPD DG LLL SULSUDYOMHQL VX NDOFLMHYL IRVIDWL ]D
GHQWDOQH PDWHULMDOH DGLY D SULPLMHQMHQH VX UDGLMDFLMVNH L IRWRNHPLMVNH PHWRGH ]D NDUDNWHUL]DFLMX
UHDNWLYQLK PH XSURGXNDWD VORERGQL UDGLNDOL L PROHNXOH X SREX HQLP VWDQMLPD L E VWXGLUDQL VX
VWUXNWXUD L UHDNWLYQRVW UDGLNDOD FHQWULUDQLK QD XJOMLNRYRP KHWHURDWRPX NHPLMVND YH]D V QHSDUQLP
EURMHPHOHNWURQDUDGLNDOLRQLDGYRGUH HQHVXNLQHWLNHUHDNFLMDLDSVROXWQHNRQVWDQWHEU]LQHUHDNFLMD

HOHPHQWDUQLKSURFHVDNRMLXNOMXþXMXVORERGQH UDGLNDOH L SREX HQDVWDQMDX WHNXüRM ID]L XELRORJLMVNL
YDåQLPPRGHOQLPVXVWDYLPD
5HVHDUFKSURJUDPPHDQGUHVXOWV
7KH UHVHDUFKSURJUDPPHFRPSULVHVVWXGLHVRISURFHVVHVDQGPHFKDQLVPVRI LQWHUDFWLRQV EHWZHHQ
LRQVPROHFXOHV IUHH UDGLFDOV DQGPROHFXOHV LQ H[FLWHG VWDWHV LQ KRPRJHQHRXVDQGKHWHURJHQHRXV
V\VWHPV 7KH PDLQ UHVHDUFK WRSLFV DUH L VXSUDPROHFXODU PLFHOOHV YHVLFOHV OLTXLG FU\VWDOV DQG
PROHFXODU VXUIDFWDQW SUHFLSLWDWLRQ RUJDQLVDWLRQ LQ VXUIDFWDQW DTXHRXV VROXWLRQV LL VXUIDFWDQW
DGVRUSWLRQ DW LQWHUIDFHV LLL IRUPDWLRQ DQG DJHLQJ RI LQRUJDQLF FU\VWDOV LQ VXUIDFWDQW DTXHRXV
VROXWLRQV LYSK\VLFDO DQGFKHPLFDOSURSHUWLHV RI IUHH UDGLFDOV DQGPROHFXOHV LQ H[FLWHG VWDWHV Y
NLQHWLFVDQGUHDFWLRQPHFKDQLVPVRIIUHHUDGLFDOVDQGH[FLWHGVWDWHVLQVROXWLRQVDQGPLFHOODUV\VWHPV
$FFRUGLQJ WR WKH PDLQ DUHDV RI LQWHUHVW WKH IROORZLQJ VWXGLHV KDYH EHHQ SHUIRUPHG DG L D
GHWHUPLQDWLRQ RI WKHUPRG\QDPLF SDUDPHWHUV RI PL[HG PLFHOOLVDWLRQ DQG WKH FRPSRVLWLRQ RI PL[HG
PLFHOOHVESUHSDUDWLRQFKDUDFWHULVDWLRQDQGWKHUPDOEHKDYLRXURIFDWDQLRQLFVXUIDFWDQWVDGLL D
GHWHUPLQDWLRQ RI WKHUPRG\QDPLF SDUDPHWHUV DQG FRPSRVLWLRQ RI PL[HG PRQROD\HU DW WKH DLUOLTXLG
LQWHUIDFH E GHWHUPLQDWLRQ RI WKH PHFKDQLVP DQG WKHUPRG\QDPLF SDUDPHWHUV RI LRQLF VXUIDFWDQW
DGVRUSWLRQ DW LQRUJDQLF FU\VWDOV DGLLL V\QWKHVLV RI DPRUSKRXV FDOFLXP SKRVSKDWH VXLWDEOH IRU
SUHSDUDWLRQRIGHQWDOPDWHULDOVDGLYDDSSOLFDWLRQRIUDGLDWLRQDQGSKRWRFKHPLFDOPHWKRGVIRU WKH
FKDUDFWHULVDWLRQ RI UHDFWLYH LQWHUPHGLDWHV DV IUHH UDGLFDOV DQG PROHFXOHV LQ H[FLWHG VWDWHV E
GHWHUPLQDWLRQRI WKHVWUXFWXUHDQG UHDFWLYLW\ RI FDUERQDQGKHWHURDWRP  FHQWUHG IUHH UDGLFDOV RGG
HOHFWURQERQGHGVSHFLHVDQGUDGLFDOLRQVDGYLQYHVWLJDWLRQRIUHDFWLRQNLQHWLFVDQGPHDVXUHPHQWVRI

















7HPD LVWUDåXMH KRPRJHQH NHPLMVNH UHDNFLMH X WHNXüRM L SOLQRYLWRM ID]L WH KHWHURJHQH UHDNFLMH X
SOLQRYLWRþYUVWLP L SOLQRYLWRWHNXüLP ID]DPD NRMH VX RG SRVHEQH YDåQRVWL ]D ELRORªNX DNWLYQRVW
NHPLMVNXSURL]YRGQMXL LVWUDåLYDQMHRNROLªDD]DNRMHUHDNFLMVNLPHKDQL]DPQLMHSR]QDW=DPQRJHVH
YDåQH NHPLMVNH UHDNFLMH NRMH VH RGYLMDMX X UD]QLP ID]DPD PHGLMLPD SUHWSRVWDYOMD QD WHPHOMX
NLQHWLþNLK L WHUPRGLQDPLþNLKSDUDPHWDUDGD LPDMX LVWLPHKDQL]DP2ELþQR MH WDNDYPHKDQL]DPVOLMHG
YHOLNRJEURMD NRUDND HOHPHQWDUQLK NHPLMVNLK UHDNFLMD RG NRMLK VX VDPRQHNHSRVOMHGLFH SULUR HQRJ






UDGLROL]RP X SULVXWQRVWL ESP &U+2
 NRPSOHNV MH SURL]YHGHQ EU]RP N!0V UHGXNFLMRP
&U1+
























6UHGR]HPOMX LVWUDåLYDQMD L X RNYLUX SURMHNWD (85275$& L 86$&52 SURMHNWD V 8612$$
DJHQFLMRP
% ,VWUDåLYDQD MH HOHNWURQVND VWUXNWXUD L HOHNWURQVNH LQWHUDNFLMH GXJRJ GRVHJD X VWHURLGLPD L
KHWHURFLNOLþNLP VSRMHYLPD RG ELRORJLMVNH YDåQRVWL QD WHPHOMX NYDQWQRNHPLMVNLK UDþXQD L
VSHNWURVNRSVNLKPMHUHQMDIRWRHOHNWURQVNDL105VSHNWURVNRSLMD
















LPSRUWDQW IRUELRORJLFDODFWLYLW\FKHPLFDOSURGXFWLRQDQGHQYLURQPHQW UHVHDUFK)RUPDQ\ LPSRUWDQW
FKHPLFDO UHDFWLRQV ZKLFK WDNH SODFH LQ GLIIHUHQW SKDVHV WKH VDPHPHFKDQLVP LV VXSSRVHG RQ WKH
EDVLVRINLQHWLFDQG WKHUPRG\QDPLFSDUDPHWHUV8VXDOO\ WKLVPHFKDQLVP LVDVHULHVRIPDQ\VWHSV






ELS\ULPLGLQH ESP LQDVHULHVRI UHDFWLRQV7KH ILUVW VWDJHRI WKHVH
UHDFWLRQVZDVVWXGLHGE\WKHPHDQVRISXOVUDGLRO\VLV,QWKHSUHVHQFHRIESP&U+2
VSHFLHVZDV
SURGXFHG E\ IDVW N!0V UHGXFWLRQ RI &U1+




























 )RUPDWLRQ GHJUDGDWLRQ DQG WUDQVSRUWDWLRQ RI R]RQH LQ ERXQGDU\ OD\HU DWPRVSKHUH RQ VHOHFWHG
ORFDWLRQV LQ &URDWLD DQG WKH0HGLWHUUDQHDQ LQYHVWLJDWLRQV DOVR LQ WKH (85275$& SURMHFW DQG WKH
86$&52SURMHFWZLWKWKH8612$$DJHQF\
%(OHFWURQLFVWUXFWXUHDQGORQJUDQJHHOHFWURQLFLQWHUDFWLRQVLQVWHURLGVDQGKHWHURF\FOLFFRPSRXQGV




























GR]YROMDYD RSLVLYDQMH SURFHVD QD DWRPVNRM VNDOL VXGDUQLK SURFHVL DWRPD L PROHNXOD WH LQWHUDNFLMD
HOHNWURPDJQHWVNRJSROMDVDWRPLPD7HRULMDMHSURªLUHQDQDUHODWLYLVWLþNXPHKDQLNXWHMHSRND]DQRGD
MH’LUDFRYD MHGQDGåED L]YHGLYD L] NODVLþQHPHKDQLNH 3ULVWXS MH NRULªWHQ ]D SURXþDYDQMH GLQDPLNH
LRQVNLKJUR]GRYDKHOLMD’HWDOMQRVXLVWUDåHQHUHDNFLMVNHVWD]HDEVWUDNFLMHYRGLNDKLGURNVLOUDGLNDORPV
HWDQDIOXRUHWDQDDQGNORUHWDQD1DUHDNFLMVNRMVWD]L MHSURQD HQRSHWVWDFLRQDUQLKWRþDNDUHDNWDQWL
NRPSOHNV UHDNWDQDWDSULMHOD]QRVWDQMHNRPSOHNVSURGXNDWD L SURGXNWL.RQVWDQWHEU]LQH UHDNFLMD VX
L]UDþXQDQH ]D WHPSHUDWXUQR SRGUXþMH  . SULPMHQRP NRQYHQFLRQDOQH L YDULMDFLVNH WHRULMH
SULMHOD]QRJVWDQMD LQWHUSRODFLMRP UHDNFLMVNHVWD]H L] GYDGHVHWDN WRþDNDNRMHVXRGUH HQH WRþQLPDE
LQLWLR UDþXQRP 0HWRGD SHUWXUEDFLMH QLVNRJ UDQJD MH SULPMHQMHQD QD L]RWRSQH HIHNWH YLEUDFLMVNLK




$ QHZ FODVVLFDO WKHRU\ KDV EHHQ IRUPXODWHG WKDW LQFOXGHV WKH XQFHUWDLQW\ SULQFLSOH DV RQH RI LWV
SRVWXODWHV ,W KDV EHHQ VXFFHVVIXOO\ DSSOLHG IRU GHVFULSWLRQ RI DQRPDOLHV LQ WKH PDJQHWLF GLSROH
PRPHQW RI DQ HOHFWURQ $ GHWDLOHG DQDO\VLV RI WKH PLQLPXP HQHUJ\ SDWK KDV EHHQ SHUIRUPHG IRU
K\GURJHQDEVWUDFWLRQ UHDFWLRQVRIK\GUR[\O UDGLFDOZLWKHWKDQH IOXRURHWKDQHDQGFKORURHWKDQH)LYH
VWDWLRQDU\SRLQWVKDYHEHHQ IRXQGDORQJ WKHK\GURJHQDEVWUDFWLRQ UHDFWLRQSDWK UHDFWDQWV UHDFWDQW
FRPSOH[ WUDQVLWLRQVWDWHVWUXFWXUHSURGXFWFRPSOH[DQGSURGXFWV7KH UHDFWLRQ UDWHFRQVWDQWVKDYH
EHHQFDOFXODWHG IRU WKH WKUHH UHDFWLRQVXVLQJFRQYHQWLRQDO DQGYDULDWLRQDO WUDQVLWLRQVWDWH WKHRU\ IRU
WHPSHUDWXUHVIURPWR.DQGDQLQWHUSRODWLRQRIDPLQLPXPHQHUJ\SDWKIURPDERXWSRLQWV
FDOFXODWHGE\KLJKOHYHODELQLWLRPROHFXODURUELWDOFDOFXODWLRQV/RZUDQNSHUWXUEDWLRQWKHRU\KDVEHHQ
VXFFHVVIXOO\ DSSOLHG WR GHVFULEH LVRWRSH HIIHFWV RQ YLEUDWLRQDO VSHFWUD $ QHZ VHW RI UXOHV
FRPSOHPHQWLQJWKHH[LVWLQJUXOHVRIVXPDQGSURGXFWKDVEHHQIRUPXODWHGDQGDSSOLHGWROLQHDUDQG















3RVWLJQXWL HNVSHULPHQWDOQL UH]XOWDWL QDGRJUD HQL VX WHRULMVNLP SRVWXSFLPD WHPHOMHQLP QD UDþXQDOQRM
NHPLML L XSRUDEL GDWRWHND V FLOMHP XVSRVWDYOMDQMD RGQRVD L]PH X VWUXNWXUH L VYRMVWDYD RGDEUDQLK
VNXSLQDPROHNXOD WH REMDªQMHQMDPHKDQL]DPDNHPLMVNLK UHDNFLMD0HWRGDPD GLVNUHWQHPDWHPDWLNH L





IL]LNDOQLK NHPLMVNLK L ELRORJLMVNLK VYRMVWDYD PROHNXOD  3ULPMHQD PDWHPDWLþNLK PRGHOD QD VWXGLM




GHYHORSPHQWDQGDSSOLFDWLRQRIPRGHOV7KLV LV WKHJXLGLQJSULQFLSOH RI RXU UHVHDUFK7KH IROORZLQJ
UHVXOWVKDYHEHHQDFKLHYHG’PROHFXODUGHVFULSWRUVKDYHEHHQGHYHORSHGDQGWKHLUDSSOLFDWLRQVLQ
463546$5PRGHOV DUH WHVWHG463546$5PRGHOV EDVHG RQ WKH YHUWH[ DQG HGJHFRQQHFWLYLW\
LQGLFHV DUH GHYHORSHG DQG WHVWHG 7KH RUGHUHG RUWKRJRQDOL]DWLRQ SURFHGXUH LQ WKH 463546$5
PRGHOOLQJ KDVEHHQ GHYHORSHG DQG WKH FRUUHVSRQGLQJ FRPSXWHU FRGHV SUHSDUHG 7KH UDQJH RI WKH
DSSOLFDWLRQRIWKHFRQMXJDWHGFLUFXLWPRGHOKDVEHHQVWXGLHG7KHVWUXFWXUHVVWDELOLWLHVDQGSURSHUWLHV















PDNURFLNOLþNLP NUXQDVWL SROLHWHUL SROLD]D PDNURFLNOL L RUJDQRIRVIRUQLP GHULYDWL DPLQRIRVIRQVNLK
NLVHOLQD OLJDQGLPD NRML PRJX SRVOXåLWL NDR PRGHOL ]D ELRORJLMVNH L ELRORJLMVNL DNWLYQH PROHNXOH
.RPELQDFLMRP HNVSHULPHQWDOQLK L WHRULMVNLK LVWUDåLYDQMD LVSLWXMH VH XWMHFDM SRMHGLQLK VWUXNWXUQLK

SDUDPHWDUD L IL]LþNRNHPLMVNLK VYRMVWDYD WLK VSRMHYD QD QMLKRYX ELRORJLMVNX DNWLYQRVW DQWLWXPRUVNX
DQWLYLUXVQXKHUELFLGQXLGU
3ULSUDYOMHQ MH QL] ELRORJLMVNL DNWLYQLK KDORJHQLGQLK NRPSOHNVD SDODGLMD,, V DONLO HVWHULPD DOID
DQLOLQREHQ]LOIRVIRQVNLK L NLQROLOPHWLOIRVIRQVNLKNLVHOLQD=D LVSLWLYDQMHNHPLMVNLK L VWUXNWXUQLK VYRMVWDYD
OLJDQDGDLQMLKRYLKNRPSOHNVDSULPMHQMHQHVXUD]OLþLWHVSHNWURVNRSVNHPHWRGH,5899,610506
WHUPLþND 7* ’7$ L PDJQHWVND PMHUHQMD WH PMHUHQMD YRGOMLYRVWL ,VSLWLYDQMD LQ YLWUR DQWLWXPRUVNH
DNWLYQRVWLNRPSOHNVDSUHPDUD]OLþLWLPWXPRUVNLPVWDQLFDPDNRGOMXGLLåLYRWLQMDSRND]DODVXGDYHüLQD
SULSUDYOMHQLKNRPSOHNVQLKVSRMHYDSRND]XMH]QDþDMQXDQWLWXPRUVNXDNWLYQRVW5D]PDWUDQDMHDNWLYQRVW
SRMHGLQLK YUVWD NRPSOHNVD X RYLVQRVWL R QMLKRYRM VWUXNWXUL %LRORJLMVND WHVWLUDQMD VX SURYHGHQD X
VXUDGQMLV,QVWLWXWLPD]DELRPHGLFLQVNDLVWUDåLYDQMDX,WDOLML7UVWL%HOJLML/HXYHQ
1DVWDYOMHQDVXLVWUDåLYDQMDNRPSOHNVQLKVSRMHYDDONDOQLKPHWDODVNUXQDVWLPSROLHWHULPDGLEHQ]R
NUXQD L GLEHQ]RNUXQD 2SLVDQD MH SULSUDYD VSHNWURVNRSVND VYRMVWYD WH NULVWDOQD VWUXNWXUD
KHNVDIOXRURIRVIDWQLK NRPSOHNVD NDOLMD L DPRQLMD ,]ROLUDQL VX QRYL SHUNORUDWQL WHWUDIOXRURERUDWQL
KHNVDIOXRURIRVIDWQL L WHWUDIHQLOERUDWQL NRPSOHNVL NREDOWD,, L QLNOD ,, V WHWUDNLV
GLIHQLOIRVILQRPHWLO    WHWUDD]DFLNORWHWUDGHNDQRP ,RQVNL NRPSOHNVL LVSLWLYDQL VX
VSHNWURVNRSVNLP L PDJQHWVNLP PMHUHQMLPD WH UHQWJHQVNRP VWUXNWXUQRP DQDOL]RP 2GUH HQD MH
NULVWDOQDLPROHNXOVNDVWUXNWXUDSHUNORUDWQLKNRPSOHNVD
6WXGLUDQD MHKHUELFLGQDDNWLYQRVWGYDQL]D WULD]LQVNLKGHULYDWD L SRVWDYOMHQL VX46$5PRGHOL QMLKRYH
DNWLYQRVWL 1D HQR MH GD REMH JUXSH WULD]LQVNLK GHULYDWD LQWHUDJLUDMX VD VOLþQLP RNUXåHQMHP X
UHFHSWRUVNRM ªXSOMLQL 3UHGORåHQ MH L LVWUDåHQ YHüL EURM QHHPSLULMVNLKPROHNXOVNLK GHVNULSWRUD NRML VH
PRJXNRULVWLWLNDRSUHGLNWRUVNHYDULMDEOHX463546$5PRGHOLPDPROHNXOVNLKVYRMVWDYD
5HVHDUFKSURJUDPPHDQGUHVXOWV
,QYHVWLJDWLRQV FRPSULVH WKH GHVLJQ RI QHZ RUJDQLF DQG PHWDOORRUJDQLF FRPSRXQGV ZLWK GHILQHG
VWUXFWXUDO DQG ELRORJLFDO SURSHUWLHV DQG DUH GLUHFWHG SDUWLFXODUO\ WR DONDOL DQG WUDQVLWLRQ PHWDO
FRPSOH[HV ZLWK YDULRXV PDFURF\FOLF FURZQ HWKHUV SROLD]D PDFURF\FOHV DQG RUJDQRSKRVSKRUXV
GHULYDWLYHV RI DPLQRSKRVSKRQLF DFLGV OLJDQGV ZKLFK FDQ EH XVHG DV PRGHOV IRU ELRORJLFDO DQG
ELRORJLFDOO\DFWLYHPROHFXOHV$FRPELQDWLRQRIH[SHULPHQWDODQG WKHRUHWLFDO LQYHVWLJDWLRQV LVDSSOLHG
IRUGHWHUPLQDWLRQRIWKH LQIOXHQFHRISDUWLFXODUVWUXFWXUDOSDUDPHWHUVDQGSK\VLFRFKHPLFDOSURSHUWLHV
RQWKHELRORJLFDODFWLYLW\RIWKHVHFRPSRXQGVDQWLWXPRUDQWLYLUDOKHUELFLGDOHWF
$ VHULHV RI QHZ ELRORJLFDOO\ DFWLYH SDOODGLXP,, KDOLGH FRPSOH[HV ZLWK DON\O HVWHUV RI DOSKD
DQLOLQREHQ]\OSKRVSKRQLF DQG TXLQRO\OPHWK\OSKRVSKRQLF DFLGV KDV EHHQ SUHSDUHG 6SHFWUDO ,5
899,6 105 06 DQG WKHUPDO 7* ’7$ DQDO\VHV DV ZHOO DV PDJQHWLF DQG FRQGXFWDQFH
PHDVXUHPHQWV KDYH EHHQ XVHG IRU FKDUDFWHUL]DWLRQ RI OLJDQGV DQG WKHLUPHWDO FRPSOH[HV 0RVW RI
FRPSOH[HV VKRZ D VLJQLILFDQW DQWLWXPRU DFWLYLW\ DJDLQVW YDULRXVKXPDQDQGDQLPDO WXPRU FHOO OLQHV




FURZQ WKH SUHSDUDWLRQ VSHFWUDO SURSHUWLHV DQG FU\VWDO VWUXFWXUH RI SRWDVVLXP DQG DPPRQLXP
KH[DIOXRURSKRVSKDWH FRPSOH[HV KDYH EHHQ GHVFULEHG 7KH QRYHO SHUFKORUDWH WHWUDIOXRURERUDWH
KH[DIOXRURSKRVSKDWH DQG WHWUDSKHQ\OERUDWH LRQSDLU FRPSOH[HV RI FREDOW,, DQG QLFNHO,, ZLWK
WHWUDNLV GLSKHQ\OSKRVSKLQRPHWK\O WHWUDD]DF\FORWHWUDGHFDQHKDYHEHHQSUHSDUHG
DQGFKDUDFWHUL]HGE\PHDQVRI VSHFWUDODQGPDJQHWLFPHDVXUHPHQWVDVZHOO DV E\;UD\ VWUXFWXUH
DQDO\VLV7KHFU\VWDODQGPROHFXODUVWUXFWXUHRISHUFKORUDWHFRPSOH[HVKDVEHHQGHWHUPLQHG
7KHKHUELFLGDODFWLYLW\RIWZRVHULHVRIWULD]LQHGHULYDWLYHVKDVEHHQVWXGLHGDQG46$5PRGHOVIRUWKHLU
DFWLYLW\KDYHEHHQGHYHORSHG,WKDVEHHQIRXQG WKDWERWKJURXSVRI WULD]LQHGHULYDWLYHV LQWHUDFWZLWK

















0HWRGDPD UHQWJHQVNH GLIUDNFLMH L UDþXQDOQH NHPLMH PROHNXODUQH NRPSMXWRUVNH JUDILNH WH
VSHNWURVNRSLMH NDR L SULPMHQRP ELRORªNLK WHVWRYD SUDWL VH RGQRVPROHNXODUQH VWUXNWXUH L SRQDªDQMD
ELRORªNL DNWLYQLK VSRMHYD L QMLKRYLK DQDORJD 3UHSR]QDYDQMH ELRORªNL DNWLYQLK PROHNXOD PROHFXODU
UHFRJQLWLRQQDWHPHOMXNDUDNWHULVWLþQLKVWUXNWXUQLKSDUDPHWDUDSRVHEQRDNWLYQRJPMHVWDXPROHNXOLLOL
QMHQH ELRDNWLYQH NRQIRUPDFLMH NRULVWL VH NDR GRSULQRV UD]XPLMHYDQMX ELRORªNLK SURFHVD QD
PROHNXODUQRMUD]LQL’HWDOMQRSR]QDYDQMHPROHNXODUQHVWUXNWXUHVSRMHYDXNULVWDOXLRWRSLQLRPRJXüDYD
SUDüHQMH L REMDªQMHQMH PHKDQL]DPD NHPLMVNLK L ELRORªNLK UHDNFLMD UHDOQLK L PRGHOQLK VXVWDYD
0ROHNXODUQR NRPSMXWHUVNR PRGHOLUDQMH XNOMXþXMXüL PHWRGH PROHNXODUQH GLQDPLNH NRMH VOXåH
RSRQDªDQMXHNVSHULPHQWDOQLKXYMHWDLOLLUHDOQLKXYMHWDLQYLYRþLQLVDVWDYQLGLRSULVWXSDPROHNXODUQRJ





NRMHVH UDEHXDQDOL]LRGQRVDVWUXNWXUH LELRORªNHDNWLYQRVWL DXNVLQD6 LVWLPFLOMHPREDYOMHQ MH L QL]




LQGHNVD VOLþQRVWL L ELRORªNHDNWLYQRVWL ,]XþDYDQD MH NRQIRUPDFLMVND DQDOL]D X NULVWDOX L RWRSLQL QHNLK
SHSWLGDYH]DQLKX]RSLDWQHDQDORJH,]XþDYDQMHGLSHSWLGQLIUDJPHQWPRUILFHSWLQDXNRMHPVXSUDüHQL
XYMHWL FLVWUDQV L]RPHUL]DFLMH SUROLQD 1DþLQMHQD MH NRPSDUDWLYQD NRQIRUPDFLMVND DQDOL]D X þYUVWRP
VWDQMX L RWRSLQLQHNLKSHSWRLGDRGSRWHQFLMDOQRJXþLQNDXQL]XELRORªNLKSURFHVDNDRªWR MH VWDUHQMH
GLMDEHWHV$O]KHLPHURYRREROMHQMHLQL]GUXJLKELRORªNDDNWLYQRVWLVHOHNWLYQRVWYH]DQDMHX]SRVWL]DQMH
NUXWHNRQIRUPDFLMHPROHNXOH6WUXNWXUQDNDUDNWHUL]DFLMDELRORªNLDNWLYQLKVSRMHYDXNOMXþLODMHVSHFLILþQL
EDNWHULRVWDWLN PHVDOD]LQ L QMHJRY KLGURNORULG 8 L]XþDYDQMX SLSL LQWHUDNFLMH L VYRMVWDYD DURPDWVNLK





VH QD VWUXNWXUQRM NDUDNWHUL]DFLML OLSD]H L 6WUHSWRP\FHV ULPRVXV ,]ORåHQ LQWHUGLVFLSOLQDUQL SULVWXS
LVWUDåLYDQMDGDMHWHPHOM]DSULSUDYXQRYLKVSRMHYDXQDSULMHG]DGDQLKVYRMVWDYD7RMHPRJXüHRVWYDULWL
]DKYDOMXMXüLXVSMHªQRM]QDQVWYHQRMVXUDGQMLVYLªH ODERUDWRULMDQDªHJ ,QVWLWXWD L ,VWUDåLYDþNRJ LQVWLWXWD
3OLYH NDR L PH XQDURGQH VXUDGQMH 5HQWJHQVND VWUXNWXUQD DQDOL]D XVSMHªQR MH SULPLMHQMHQD X
RGUH LYDQMX WURGLPHQ]LRQDOQH VWUXNWXUH VXSUDPROHNXODUQLK RUJDQVNLK L DQRUJDQVNLK VSRMHYD =D
SRWUHEH ]GUDYVWYHQLK XVWDQRYD L EROQLFD REDYOMD VH NDUDNWHUL]DFLMD ELRPLQHUDOD 1D UHQWJHQVNRP




,Q VWUXFWXUHDFWLYLW\ UHODWLRQVKLS VWXGLHV RI ELRORJLFDOO\ DFWLYH PROHFXOHV DQG WKHLU DQDORJXHV ;UD\
GLIIUDFWLRQ DQDO\VLV FRPSXWDWLRQDO FKHPLVWU\ PHWKRGV PROHFXODU FRPSXWHU JUDSKLFV VSHFWURVFRSLF
PHWKRGVDQGELRDVVD\VKDYHEHHQXVHG0ROHFXODUUHFRJQLWLRQDSSURDFKEDVHGRQWKHFKDUDFWHULVWLF
VWUXFWXUDO SDUDPHWHUV SDUWLFXODUO\ RI WKH DFWLYH VLWH RU ELRDFWLYH FRQIRUPDWLRQV KDYH EHHQ XVHG WR




WKH PROHFXODU UHFRJQLWLRQ DSSURDFK 0ROHFXODU G\QDPLFV VLPXODWLRQV KDYH EHHQ XVHG WR VWXG\
FRQIRUPDWLRQDOVWDELOLW\DQGVXEVWUDWHELQGLQJ WR WKHDFWLYHVLWHRID UHFHSWRU6\VWHPDWLFDQDO\VLVRI
GDWD RI DX[LQV DQG DQDORJXHV UHTXLUHG IRU 46$5 KDV EHHQ SHUIRUPHG 6WUXFWXUDO VWXGLHV RI
PRQRFKORULQDWHG PRQRIOXRULQDWHG DQG GLFKORULQDWHG GHULYDWLYHV RI SODQW JURZWK KRUPRQH DX[LQ




SURSHUW\ VLPLODULW\ LQGLFHV  FRPSRXQGV DQG ELRORJLFDO WHVW KDV EHHQ SHUIRUPHG &RQIRUPDWLRQ
DQDO\VLVLQDFU\VWDODQGVROXWLRQRIVRPHRSLDWHUHODWHGSHSWLGHVKDVEHHQFRPSOHWHG7KHFLVWUDQV
LVRPHULVDWLRQ RI SUROLQH LQ WKH GLSHSWLGH IUDJPHQW RI PRUSKLFHSWLQ KDV EHHQ VWXGLHG &RPSDUDWLYH
FRQIRUPDWLRQDQDO\VLVLQVROLGVWDWHDQGVROXWLRQRIVRPHSHSWRLGVEHLQJRISRWHQWLDO LQIOXHQFHRQWKH
DJHLQJSURFHVVGLDEHWLFFRPSOLFDWLRQV$O]KHLPHUGLVHDVHDQGRWKHUVKDVEHHQFDUULHGRXWELRORJLFDO
DFWLYLW\ DQG VHOHFWLYLW\ DUH UHODWHG WR WKH ULJLGPROHFXODU FRQIRUPDWLRQ 6WUXFWXUDO FKDUDFWHULVDWLRQ RI
ELRORJLFDOO\ DFWLYH FRPSRXQGV LQFOXGHV WKH VSHFLILF EDFWHULRVWDWLFPHVDOD]LQH DQG LWV K\GURFKORULGH
7KH SLSL LQWHUDFWLRQV DQG WKH SURSHUWLHV RI DURPDWLFV VXFK DV SKHQDWKUHQHV DQG GLD]DS\UHQHV DV
VXEXQLWVRIVXSUDPROHFXOHVKDYHEHHQVWXGLHG LQ UHODWLRQ WR WKHSRVVLELOLW\RI WKHLU LQWHUFDODWLRQ LQWR
’1$ ,Q DOO WKHVH DQDO\VHV LQ DGGLWLRQ WR RXU RULJLQDO UHVHDUFK GDWD WKH &DPEULGJH 6WUXFWXUDO
’DWDEDVH KDV EHHQ XVHG ,Q WKH IUDPHZRUN RI FRRSHUDWLRQ ZLWK 3URI 6DHQJHU )UHLH 8QLYHUVLWW
%HUOLQ WKH FKDUDFWHULVDWLRQ DQG ’ VWUXFWXUH RI FDOI VSOHHQ SXULQH QXFOHRVLGH SKRVSKRU\ODVH ZLWK
VHYHUDOLQKLELWRUVKDYHEHHQSHUIRUPHG,QFRRSHUDWLRQZLWKVHYHUDOUHVHDUFKWHDPVUHVHDUFKRQWKH




VWUXFWXUH DQDO\VLV KDV EHHQ VXFFHVVIXOO\ XVHG WR GHWHUPLQH WKUHHGLPHQVLRQDO VWUXFWXUHV RI QRYHO
VXSUDPROHFXODU RUJDQLF DQG LQRUJDQLF FRPSRXQGV )RU QHHGV RI YDULRXV PHGLFDO LQVWLWXWLRQV DQG
KRVSLWDOVWKHLGHQWLILFDWLRQRIELRPLQHUDOVKDVEHHQSHUIRUPHG7KHXSGDWHRIWKHFRPSXWHUXQLWDQG










DVYRMVWYD OLSLGQRJ PRQRVORMD /’/ L 9/’/ LVSLWLYDQD VX SXWHP UHGXNFLMH QLWURNVLGD 7HPSR V
DVNRUELQVNRPNLVHOLQRP7HRULMVNDVLPXODFLMDHNVSHULPHQWDOQLK(35VSHNWDUDUHGXNFLMVNHNLQHWLNH
SRND]DODMHGUDVWLþQRVXåDYDQMHªLULQHOLQLMHNRG9/’/XRGQRVXQD/’/þHVWLFH7RRSDåDQMHPRåH
VH SRYH]DWL V UD]OLþLWRP XUH HQRªüX OLSLGQRJ PRQRVORMD RYLK þHVWLFD NDR SRVOMHGLFRP UD]OLþLWRJ





X]URNXMX SURPMHQX NRQIRUPDFLMH SURWHLQD %XGXüL GD OLSRILOQLML DONRKRO L]D]LYD YHüX SHUWXUEDFLMX
OLSRSURWHLQVNH þHVWLFH RSDåHQH SURPMHQH PRJX VH REMDVQLWL SURPMHQRP XUH HQRVWL OLSLGD SRG
XWMHFDMHPDONRKRODNRMDVHNUR]OLSLGSURWHLQPH XGMHORYDQMHUHIOHNWLUDQDNRQIRUPDFLMXSURWHLQD
0HWRGRP(35X]VSLQVNRR]QDþDYDQMHOLSRSURWHLQVNLKþHVWLFDQDVWDYLWüHVHLVWUDåLYDQMHRUJDQL]DFLMH




D7KH UHGXFWLRQ RI QLWUR[LGH 7HPSR ZLWK DVFRUELF DFLG KDV EHHQ XVHG WR VWXG\ WKH OLSLG VXUIDFH
PRQROD\HURI/’/DQG9/’/7KHWKHRUHWLFDOVLPXODWLRQRIH[SHULPHQWDO(35VSHFWUD LQGLFDWHVD
GUDVWLFQDUURZLQJRI WKH OLQHZLGWK LQ WKHFDVHRI UHGXFWLRQNLQHWLFV LQ9/’/ZLWK UHVSHFW WR/’/
7KLV REVHUYDWLRQ FDQ UHIOHFW WKH GLIIHUHQW RUGHULQJ RI WKH OLSLGPRQROD\HU DV WKH FRQVHTXHQFH RI
GLIIHUHQWFKHPLFDOFRPSRVLWLRQLQWKHVHWZROLSRSURWHLQVXESRSXODWLRQV





















3URJUDP MH RULMHQWLUDQ SUHPD LVWDåLYDQMX PDJQHWVNLK L PLNURYDOQLK VYRMVWDYD YLVRNR WHPSHUDWXUQLK
VXSUDYRGLþD L LVWUDåLYDQMX GLQDPLNH NULVWDOQH UHªHWNH PDJQHWVNLK IHURHOHNWULþQLK L RVWDOLK PRGHOQLK
VLVWHPD
,VWUDåLYDQD MH HOHNWURQVND QXNOHDUQD GLSRODUQD LQWHUDNFLMD X RNROLQL $V2
 VSLQVNH SUREH X
IHURHOHNWULNX .+$V2 8 PMHUHQMLPD WHPSHUDWXUQH RYLVQRVWL RSDåHQ MH PDNVLPXP HOHNWURQVNH
QXNOHDUQH GLSRODUQH UHODNVDFLMH X SDUDHOHNWULþQRM ID]L QD WHPSHUDWXUL RG . 3RMDYD PDNVLPXPD
REMDªQMHQDMHSURWRQVNRPGLQDPLNRPX]GXå2+2YH]DXRNROLQLSUREHLSURPMHQRPVSLQVNHJXVWRüH
QDDWRPLPDNLVLND/RNDOL]DFLMDVSLQVNHJXVWRüHQDNLVLFLPDSRYH]XMHVHVSRMDYRPSRODUL]DFLMH$V2
YH]D NRMH VH RþHNXMX X IHURHOHNWULþQRM ID]L 5D]PDWUDQ MH L ULMHªHQ SUREOHP SHUWXUEDFLMDPLNURYDOQH
ªXSOMLQH VXSUDYRGOMLYLP X]RUNRP X REOLNX WDQNRJ ILOPD 7HRULMVND ULMHªHQMD VX SURYMHUHQDPMHUHQMLPD
PLNURYDOQHDSVRUSFLMHLUHDNWDQFLMHQDWDQNRPILOPX<%&23RVHEQRMHGRND]DQDGUDVWLþQDSURPMHQD
WHPSHUDWXUQH RYLVQRVWL IUHNYHQWQRJ SRPDND LVSRG 7& X RYLVQRVWL R SHUWXUEDFLML X PDJQHWVNRM LOL
HOHNWULþQRMNRPSRQHQWLPLNURYDOQRJSROMD6QLPOMHQD MH LPDJQHWVNDRYLVQRVWPLNURYDOQHDSVRUSFLMH L
UHDNWDQFLMDQD UD]QLP WHPSHUDWXUDPD8WYU HQR MHGDVH L] WLK NULYXOMDPRåHRGUHGLWL JRUQMH NULWLþQR
SROMHNRMHSUHGVWDYOMDYDåDQSDUDPHWDUVXSUDYRGOMLYRJVWDQMD







/RUHQW]RYREOLN OLQLMH NDR L QMLKRYHSURPLMHQHQDNRQ ]DJULMDYDQMD XSXüXMX QD NODVWHUVNX VWUXNWXUX WLK
SDUDPDJQHWVNLKFHQWDUDXVLOLFLMX
5HVHDUFKSURJUDPPHDQGUHVXOWV
7KH SURMHFW LV RULHQWHG WRZDUG WKH LQYHVWLJDWLRQ RI PDJQHWLF DQG PLFURZDYH SURSHUWLHV RI KLJK 
WHPSHUDWXUHVXSHUFRQGXFWRUVDQGFU\VWDO ODWWLFHG\QDPLFVRIPDJQHWLFIHUURHOHFWULFDQGRWKHUPRGHO
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3DUDPDJQHWLFGHIHFWVSURGXFHGE\.ULRQLPSODQWDWLRQLQWRVLOLFRQKDYHEHHQLQYHVWLJDWHGXVLQJ(65
















VX XYMHWL QDVWDMDQMD XPUHåHQLK ELPRGDOQLK PUHåD SULURGQRJ NDXþXND åHOMHQH PRUIRORJLMH L IL]LþNLK
VYRMVWDYD 1RYLP SULVWXSRP X DQDOL]L UHODNVDFLMVNLK YUHPHQD VSLQVNH SUREH ’0(65 XPDWULFDPD
SROLPHUD UD]OLþLWH VWUXNWXUH ODQFD RPRJXüHQR MH RGUH LYDQMH VORåHQH VSRUH GLQDPLNH L VODJDQMD





’0(65 105 VXFK DV FKDLQ VWUXFWXUH PROHFXODU PRWLRQ DQG PROHFXODU SDFNLQJ DUH XVHG 7KH
ELPRGDOFURVVOLQNHGQHWZRUNVRIQDWXUDOUXEEHUZLWKGLIIHUHQWVSDWLDOKHWHURJHQHLW\DQGFRUUHVSRQGLQJ
SK\VLFDO SURSHUWLHV KDYH EHHQ SUHSDUHG %\ XVLQJ D QHZ DSSURDFK LQ WKH DQDO\VLV RI ’0(65
UHOD[DWLRQ WLPHVRI VSLQ SUREHVHPEHGGHG LQ SRO\PHUPDWULFHV GLIIHULQJ LQ WKH FKDLQ VWUXFWXUH LW LV
SRVVLEOH WR GHWHUPLQH VORZ PRWLRQDO G\QDPLFV DQG SRO\PHU FKDLQ SDFNLQJ 8QLD[LDO G\QDPLFV LQ
VHPLFU\VWDOOLQHGLEORFNFRSRO\PHUVKDVEHHQVWXGLHG
35,/2=,
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 6LNLULü 0
0LNURVNRSLMD X LVWUDåLYDQMX XUROLWLMD]H  PRGHOQL
VXVWDYLSRVWHU
 7RPDªLü 9 )LOLSRYLü9LQFHNRYLü 1
.DUDNWHUL]DFLMD WDORJD L YH]LNXOD VYMHWORVQLP






= ’\QDPLF 9XOFDQL]DWLRQ RI 33(3’0 %OHQGV
(IIHFWV RI &URVVOLQNLQJ ’HJUHH RQ 739V
3URSHUWLHVSRVWHU
6XGMHORYDQMH X UDGX PH XQDURGQLK
RUJDQL]DFLMD
.ODVLQF /  *HQHUDOQD VNXSªWLQD ,83$&D
äHQHYDâYLFDUVND
.ODVLQF / UDGQL VDVWDQDN (85275$& 725
SURMHNWD *RHWHERUJ âYHGVND 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
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%LOLQVNL+$OXPLQLXPLURQVLOLFRQDQGPDQJDQH]H
FRPSRXQGV RI JHRFKHPLFDO VLJQLILFDQFHV -)
 +UYDWVNRDPHULþND SURJUDP ]QDQRVWL L
WHKQRORJLMH
%XWNRYLü 9 &YLWDª 7 3KRWRFKHPLFDO R[LGDQWV LQ
WKH WURSRVSKHUH 1DWLRQDO 2FHDQLF DQG
$WPRVSKHULF$GPLQLVWUDWLRQ6$’




5DGLFDO 5HDFWLRQV RI 7UDQVLWLRQ 0HWDO
&RPSOH[HV*6))RUVFKXQJV]HQWUXPI—U8PZHOW
XQG*HVXQGKHLW1HXKHUEHUJ1MHPDþND
3LIDW0U]OMDN * 6WUXNWXUD L GLQDPLND VLQWHWLþNLK L
ELRORªNLK WYDUL ,QVWLWXW -6WHIDQ /MXEOMDQD
6ORYHQLMD
3LIDW0U]OMDN * 6XUIDFH FKDUDFWHUL]DWLRQ RI ORZ
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6$’
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 ’
46$5RI$X[LQ3K\WRKRUPRQHV’/51MHPDþND
(XURSHDQ 0ROHFXODU %LRORJ\ /DERUDWRU\
+HLGHOEHUJ
7XªHN%RåLü/M0HWDOFRPSOH[HVRIELRORJLFDO DQG
SKDUPDFRORJLFDO LPSRUWDQFH ,QVWLWXWR GL
)DUPDFRORJLDH)DUPDFRJQR]LD7UVW,WDOLMD
9DOLü 6 ’\QDPLTXH GH FKDLQV SRO\PHUHV GDQV OH
FRSOR\PHUHV VHTXHQFHV (WXGH SDU UHVRXUFH
PDJQHWLTXH 8QLYHUVLW˚ 3DULV6XG 2UVD\
)UDQFXVND
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
-HDQ)UDQFRLV 0XOOHU 8QLYHUVLW˚ GH 0HW]
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
+HUEHUW %XG]LNLHZLF] 8QLYHUVLWW .ÕOQ
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3HWHU ) /LQGOH\ 5HVHDUFK ’LUHFWRU (XURSHDQ
6\QFKURWURQ 5DGLDWLRQ )DFLOLW\
)UDQFXVND
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/MXEOMDQD6ORYHQLMD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,VWUDåLYDQL VXNRPSOHNVL&X,,3E,,&G,,=Q,, L+J,, VDURPDWVNLPVSRMHYLPD NRML RGJRYDUDMX
KXPLQVNRP PDWHULMDOX D IRUPLUDMX VH X NURPDWRJUDIVNRP SURFHVX NRML VLPXOLUD SULURGQH XYMHWH
LQWHUDNFLMD RUJDQVNH PROHNXOH V PLQHUDORP 1DVWDOL NRPSOHNVL VX LGHQWLILFLUDQL UHQGJHQVNRP
GLIUDNFLMVNRP DQDOL]RP L ,5VSHNWURVNRSLMRP ,VSLWLYDQD MH SRNUHWOMLYRVW JRUH QDYHGHQLK PHWDOD X
NURPDWRJUDIVNRPPRGHOQRP VXVWDYX NRML RGUDåDYD SULURGQH XYMHWH X OLJQLQR]QLP ELOMNDPD 0RGHOQL
VXVWDY VH VDVWRML RG NURPDWRJUDILMHPHWDOD QDSDSLUX LPSUHJQLUDQRP OLJQLQRPX] YRGX NDRPRELOQX





7KH FRPSOH[HV &X,, 3E,, &G,, =Q,, DQG +J,, ZLWK DURPDWLF FRPSRXQGV UHODWHG WR KXPLF
PDWHULDOV IRUPHG LQ WKH FKURPDWRJUDSKLF SURFHVV VLPXODWLQJ QDWXUDO FRQGLWLRQV KDYH EHHQ
LQYHVWLJDWHG 7KH FRPSOH[HV KDYH EHHQ LGHQWLILHG E\ ;UD\ SRZGHU GLIIUDFWLRQ DQDO\VLV DQG ,5
VSHFWURVFRS\ 7KH PRELOLW\ RI WKH DERYH  PHQWLRQHG PHWDOV KDV EHHQ LQYHVWLJDWHG XVLQJ D
FKURPDWRJUDSKLF PRGHO V\VWHP ZKLFK VLPXODWHV QDWXUDO FRQGLWLRQV LQ OLJQHRXV SODQWV 7KH PRGHO
V\VWHPFRQVLVWVRIFKURPDWRJUDSK\RIPHWDOVRQSDSHULPSUHJQDWHGZLWKOLJQLQLQZDWHUDVGHYHORSHU
7KH FRPSOH[ RI )H,,, ZLWK $PDGRUL FRPSRXQGV GHULYHG IURP W\URVLQH KDV EHHQ SUHSDUHG DQG
LGHQWLILHG 7KH FKDUDFWHULVDWLRQ RI WKH FRPSOH[ XVLQJ SK\VLFRFKHPLFDO DQG FKHPLFDO PHWKRGV KDV
UHYHDOHG WKH FRRUGLQDWLRQ RI WKH OLJDQG YLD DPLQR DQG FDUER[\O JURXSV ,QIOXHQFH RI XULF DFLG RQ
SUHFLSLWDWLRQRIFDOFLXPR[DODWHDQGSKRVSKDWHDWS+DQG.ZDVVWXGLHG
35,/2=,




&KURPDWRJUDSKLF PRELOLW\ RI VRPH PHWDOV RQ
SDSHU LPSUHJQDWHG ZLWK OLJQLQ &KURPDWRJUDSKLD

 ,VNULü6.RMLü3URGLü%âSROMDU%.LUDOM5
+DGåLMD 2 ,GHQWLILFDWLRQ RI VRPH FRPSOH[HV RI
KXPLFOLNH PRGHO FRPSOH[DQWV DQG PHWDOORDGHG
VRUEHQWVLQWKLQOD\HUFKURPDWRJUDSK\)UHVHQLXV
-RXUQDO RI $QDO\WLFDO &KHPLVWU\   


 6LNLULü 0 %DELü,YDQþLü 9 7RQNRYLü 0
3UHFLSLWDWLRQ RI FDOFLXP R[DODWH DQG FDOFLXP
SKRVSKDWH LQ WKH SUHVHQFH RI XULF DFLG &ROORLGV
6XUIDFHV$
 7RQNRYLü0 -DNDV $ +RUYDW â 3UHSDUDWLRQ
DQG SURSHUWLHV RI DQ )H,,,FRPSOH[ ZLWK DQ
$PDGRUL FRPSRXQG GHULYHG IURP /W\URVLQH
%LR0HWDOV
3UHGDYDQMDLUHIHUDWLQDNRQJUHVLPD
;9 +UYDWVNL VNXS NHPLþDUD L NHPLMVNL LQMåHQMHUD
2SDWLMD
3ULORJ
 %DELü,YDQþLü 9 7RQNRYLü 0 6LNLULü 0




 %DELü,YDQþLü 9 7RQNRYLü 0 âRªWDULü 1
-HQGULü 0 3RYH]DQRVW VYRMVWDYD PDJQH]LMHYD
KLGURJHQXUDWD RNWDKLGUDWD L VWYDUDQMD XUDWQLK
NDPHQDFDSUHGDYDQMH
9 *RGLªQML ]QDQVWYHQL VDVWDQDN HOHNWURQVNR
PLNURVNRSVNHVHNFLMH+3’=DJUHE
3ULORJ





































3UHPD SURJUDPX SULSUDYOMHQ MH L WHVWLUDQ QD ODERUDWRULMVNRM UD]LQL QL] QRYLK NLUDOQLK KRPRJHQLK
NDWDOL]DWRUD 8VSMHªQR MH SURYHGHQD SULSUDYD PDNURFLNOLþNLK SROLHWHUD NDR GLMHORYD NDWDOLWLþNLK
NRPSOHNVD L QRYLKPDWHULMDOD ]D XNODQMDQMH WHªNLKPHWDOD L] RNROLªD RWSDGQH YRGH 6LQWHWL]LUDQL VX
QRYL GLD]DSLULQLMHYL GHULYDWL NRML VX SRND]DOL VQDåQR YH]DQMH QXNOHWLGD X YRGHQRP PHGLMX
LQWHUNDODWLYQRYH]DQMHQDGV’1$LDQWLWXPRUVNXDNWLYQRVW LQYLWUR3ULSUDYOMHQMHL LVWUDåLYDQQL]QRYLK
UHFHSWRUVHOHNWLYQLK DQDORJD ELRDNWLYQLK SHSWLGD VURGQLK RSLRLGQRP SHSWLGX OHXFLQHQHNIDOLQX ,]
NXOWXUHLQGXVWULMVNRJPLNURRUJDQL]PD6WUHSWRP\FHVULPRVXVNDUDNWHUL]LUDQDMHSUROLQDPLQRSHSWLGD]DL

HVWHUD]D GRN MH L] NXOWXUH 6 WR\RFDHQVLV SULUH HQ LQKLELWRU SURWHD]D 2GUH HQD MH VWUXNWXUD











$FFRUGLQJ WR WKH SURJUDPPH D QXPEHU RI QHZ FKLUDO KRPRJHQHRXV FDWDO\VWV ZDV SUHSDUHG DQG
WHVWHG RQ D ODERUDWRU\ VFDOH 6\QWKHVLV RI PDFURF\FOLF SRO\HWKHUV DV FRQVWLWXHQWV RI FDWDO\WLF
FRPSOH[HVDVZHOODVRIQHZPDWHULDOVIRUFDSWLRQRIKHDY\PHWDOVLQWKHHQYLURQPHQWZDVWHZDWHUV
ZDVSHUIRUPHG1HZGLD]DS\ULQLXPGHULYDWLYHVZHUHSUHSDUHG7KH\H[KLELWHG VWURQJ ELQGLQJ RI
QXFOHRWLGHVLQDTXHRXVPHGLXPDQGLQWHUFDODWLQJELQGLQJWRGV’1$DQGDQWLWXPRUDFWLYLW\ LQYLWUR$
VHULHVRIQHZUHFHSWRUVHOHFWLYHDQDORJXHVRIELRDFWLYHSHSWLGHVUHODWHGWRWKHRSLRLGSHSWLGHOHXFLQH
HQNHSKDOLQ ZDV SUHSDUHG DQG VWXGLHG )URP WKH FXOWXUH RI LQGXVWULDO PLFURRUJDQLVP 6WUHSWRP\FHV
ULPRVXV D SUROLQH DPLQRSHSWLGDVH DQG DQ HVWHUDVH ZHUH FKDUDFWHULVHG )URP WKH FXOWXUH RI
6WUHSWRP\FHVWR\RFDHQVLVDSURWHDVHLQKLELWRUZDVSUHSDUHGDQG LWVVWUXFWXUHGHWHUPLQHG6WUXFWXUH




LQ WKH MRXUQDOV FLWHG E\&KHPLFDO$EVWUDFWV7KH\SDUWLFLSDWHGZLWK  FRQWULEXWLRQV WR LQWHUQDWLRQDO
FRQJUHVVHVSRVWHUSUHVHQWDWLRQVDQGVKRUWRUDOFRQWULEXWLRQVDQGDSSOLHGIRUWKUHHSDWHQWV)ROORZLQJ
HGXFDWLRQDO DQG VFLHQWLILF GHJUHHV ZHUH DFKLHYHG WKUHH %6 GHJUHHV DQG WKUHH06 GHJUHHV $SDUW
IURPDOOWKHUHVHDUFKSHUIRUPHGLQWKHIUDPHRIWKLVSURJUDPPHVRPHRIWKHUHDVHDUFKZRUNHUVLQ
WKLV SURJUDPPH FRPSOHWHG HLJKW DQQXDO UHVHDUFK SURMHFWV FRQWUDFWHG ZLWK WKH WKLUG SDUWQHUV WKH























3URJUDPRP UDGD SRVWLJQXWD MH YLVRNR VWHUHRNRQWUROLUDQD VLQWH]D 6HQDQWLRPHUD IXQJLFLGD
IHQSURSLPRUIDUH]XOWDWLVXREMDYOMHQLDSDWHQWLUDQDVXGYDSRVWXSND]DQMHJRYXSULSUDYX2VWYDUHQDMH
SULSUDYD LVWUXNWXUQR LVWUDåLYDQMHPRQRGHQWDWQLK OLJDQGD]DKRPRJHQH&X,NRPSOHNVHXNDWDOLWLþNRM
FLNORSURSDQDFLML2EMDYOMHQMHQL]UDGRYDRL]YRULPDVWHUHRVHOHNWLYQRJDFLOLUDQMDOLSD]DPDXRUJDQVNLP
RWDSDOLPD D MHGDQ SRVWXSDN MH L SDWHQWLUDQ2EMDYOMHQD MH L SDWHQWLUDQD XSRWUHED SHNDUVNRJ NYDVFD
6DFFKFHUHYLVLDHXHQDQWLRVHOHNWLYQRMVLQWH]LGHULYDWDaPHWLOFLQDPLþQHNLVHOLQHSUHNXUVRUDELRORªNL
DNWLYQLK VSRMHYD X RSWLþNL þLVWRP REOLNX 2GUH HQD MH DSVROXWQD NRQILJXUDFLMD QL]D SURGXNDWD





&KHP $EVWUDFW ’UåDYQRP ]DYRGX ]D SDWHQWH 5+ SULMDYOMHQ MH MHGDQ SDWHQW D SR MHGDQ SDWHQW
SULKYDüHQ MH X ,WDOLML X (8 L -DSDQX 6XUDGQLFL QD WHPL SUH]HQWLUDOL VX UH]XOWDWH QD PH XQDURGQLP
VNXSRYLPDXYLGX MHGQRJDVHNFLMVNRJSUHGDYDQMD LSRVWHUVNLKVDRSüHQMD9RGLWHOM WHPHRGUåDR MH
GYDSUHGDYDQMDQDSR]LYX]QDQVWYHQLPXVWDQRYDPDX+UYDWVNRMLXLQR]HPVWYX
5HVHDUFKSURJUDPPHDQGUHVXOWV
$FFRUGLQJ WR WKH SURJUDPPH KLJKO\ VWHUHRFRQWUROOHG V\QWKHVLV RI 6HQDQWLRPHU RI WKH IXQJLFLGH
IHQSURSLRPRUSK KDV EHHQ FRPSOHWHG WKH UHVXOWV DUH SXEOLVKHG DQG WKH SDWHQWV IRU WZR SURGXFWLRQ
PHWKRGVFODLPHG3UHSDUDWLRQDQGVWUXFWXUDOUHVHDUFKRQPRQRGHQWDWHOLJDQGVIRUKRPRJHQRXV&X,
FRPSOH[HV LQ FDWDO\WLF F\FORSURSDQDWLRQ ZHUH DFFRPSOLVKHG $ VHULHV RI SDSHUV RQ WKH RULJLQ RI
VWHUHRVHOHFWLYLW\ RI DF\ODWLRQ E\ OLSDVHV LQ RUJDQLF VROYHQWV ZDV SXEOLVKHG DQG IRU RQH RI WKHVH
PHWKRGVDSDWHQWLVFODLPHG$SSOLFDWLRQRIEDNHUV¶\HDVW6DFFKDURP\FHVFHUHYLVLDHLQELRVHOHFWLYH
V\QWKHVLVRIa–PHWK\OFLQQDPPLFDFLGDVDSUHFXUVRURIELRORJLFDOO\DFWLYHFRPSRXQGVLQWKHRSWLFDOO\
SXUH IRUPZDVSXEOLVKHG)RUDQXPEHURISURGXFWVRIDFDGHPLF LQWHUHVW FRQIRUPDWLRQDO ODELOHVHF
DOFRKROV DEVROXWH FRQILJXUDWLRQ ZDV GHWHUPLQHG DV ZHOO DV IRU WKRVH RI WHFKQRORJLFDO LPSRUWDQFH
EURPDGLRORQ GHULYDWLYHV RI K\GUR[\FKURPDQH EHQ]RGLD]HSLQHV ,Q FROODERUDWLRQ ZLWK WKH
3/,9$5HVHDUFK ,QVWLWXWH KRPRJHQRXVFDWDO\WLFK\GURJHQDWLRQ LQ DTXHRXVPHGLD DV DPHWKRG IRU
WKHWUDQVIRUPDWLRQRIDNH\&YLWDPLQSUHFXUVRUKDVEHHQLQYHVWLJDWHG
,QWKH\HDUIRXUSDSHUVDUHSXEOLVKHGLQWKH MRXUQDOVFLWHGE\6&, WKUHHSDSHUV LQWKH MRXUQDOV























E SULSUDYX VSHFLILþQR GHXWHULUDQLK VSRMHYD NDRPRGHO VXVWDYD ]D LVSLWLYDQMH GHXWHULMVNLK L]RWRSQLK
HIHNDWDGXJRJGRVHJD




MHGLQLFX NDR NUXWL OLSRILOQL FHQWDU 7DNR HU MH LVSLWLYDQD PRJXüQRVW HNVWUDNFLMH LRQD DONDOQLK PHWDOD
SRSXW OLWLMD QDWULMD NDOLMD UXELGLMD L FH]LMD 5H]XOWDWL VX XSXWLOL QD SRMDþDQL DILQLWHW SUHPD QDWULMX X
RGQRVX QD NUXQX ,VWR WDNR UD]UDGLOL VPR MHGQRVWDYDQ VLQWHWVNL SXW GR UD]OLþLWLK P
QDGDPDQWDQRIDQD L] ELVEURPHWLODGDPDQWDQD YUOR GRVWXSQRJ SUHNXUVRUD þLMX VPR VLQWH]X
WDNR HU UD]YLOLXQDªHP ODERUDWRULMX3ULSUDYOMHQD MH LVHULMDQRYLKGRVDGQHSR]QDWLKDGDPDQWDQVNLK
D]DNUXQDVWLK HWHUD NDR L GYD QRYD DGDPDQWDQVND NULSWDQGD .DR UH]XOWDW QDªLK NRQWLQXLUDQLK
LVWUDåLYDQMD NRML XNOMXþXMX VLQWH]X NDUDNWHUL]DFLMX L VWXGLM UHDNWLYQRVWL QDSHWLK SROLFLNOLþNLK PROHNXOD
SULSUDYOMHQL VX EURMQL GHULYDWL DGDPDQWDQRQD QRUDGDPDQWDQRQD L KRPRDGDPDQWDQRQD WH VWXGLUDQD
VWHUHRVHOHNWLYQRVW SUL UHDNFLMDPD DGLFLMH QXNOHRILOD QD NDUERQLOQX VNXSLQX 7DNR HU VPR QDªOL GD
UHDNFLMH SULMHQRVD HOHNWURQD LQGXFLUDQH VYMHWORP PRJX SRVOXåLWL NDR GREUD VLQWHWVND PHWRGD ]D
SULSUDYXQRYLKSROLFLNOLþNLKNHWRQDL]RGJRYDUDMXüLKFLNORSURSLONDUELQLOSUHNXUVRUD’LRQDªLKLVWUDåLYDQMD
ELR MH XVPMHUHQ QD VWXGLM VYRMVWDYD VUHGLªQMH SURSHODQVNH YH]H X PHWDQR
GLGHKLGURDGDPDQWDQX L QMHJRYRP GLPHWLODQDORJX 1D WHPHOMX UH]XOWDWD GRELYHQLK VSHNWURVNRSVNLP
LVWUDåLYDQMLPDL02UDþXQLPDQDMYLªXSRSXQMHQXPROHNXOVNXRUELWDOXXSURSHODQLPDSULSLVDOL
VPRXSUDYRSURSHODQVNRMYH]L WMYH]L L]PH XLQYHUWLUDQLKXJOMLNRYLKDWRPD8RNYLUXVWXGLMDELRORªNH
DNWLYQRVWL GHULYDWD DGDPDQWDQD SULSUDYLOL VPR DGDPDQWDQVNH GHULYDWH IHQFLNOLGLQD V WLHQLOQRP
VNXSLQRP WLHQLODGDPDQWLOSLSHULGLQ WLHQLODGDPDQWLOSLUROLGLQ WLHQLO





E 6\QWKHVLV RI VSHFLILFDOO\ GHXWHULDWHG FRPSRXQGV ZKLFK DUH PRGHO V\VWHPV IRU D ORQJUDQJH
GHXWHULXPLVRWRSHHIIHFWLQYHVWLJDWLRQ
F ’HVLJQ DQG V\QWKHVLV RIPDFURF\FOLF SRO\HWKHUV WKDW FRQWDLQ SRO\F\FOLF FDJHPROHFXOHV DV ULJLG
OLSRSKLOLFFRPSRQHQWV
G6\QWKHVLVRIELRORJLFDOO\DFWLYHDGDPDQWDQHGHULYDWLYHV
$V D SDUW RI RXU SURJUDPPH RQ V\QWKHVLV DQG FKHPLVWU\ RI QRYHO SRO\F\FOLF PROHFXOHV ZH KDYH
SUHSDUHG D QHZ FURZQ HWKHUV ZKLFK FRQWDLQ DGDPDQWDQH PRLHW\ DV D ULJLG OLSRSKLOLF FHQWHU 7KH




RI ZKLFK ZDV GHYHORSHG LQ RXU ODERUDWRU\ DV ZHOO 1HZ VHULHV RI QRYHO D]DFURZQ HWKHUV ZLWK
DGDPDQWDQHPROHFXOH DVDSDUWRI WKHLU VWUXFWXUHDVZHOO DV WZRQHZDGDPDQWDQH FU\SWDQGVZHUH
SUHSDUHG &RQWLQXLQJ RXU UHVHDUFK RQ V\QWKHVLV FKDUDFWHUL]DWLRQ DQG UHDFWLYLW\ VWXGLHV RI VWUDLQHG




PHWKRG IRU WKH V\QWKHVLV RI QHZ SRO\F\FOLF NHWRQHV VWDUWLQJ IURP DSSURSULDWH F\FORSURS\OFDUELQ\O
SUHFXUVRUV,QDSDUWRXUUHVHDUFKZDVGLUHFWHGWRZDUGVWKHVWXG\RISURSHUWLHVRIFHQWUDOSURSHOODQH
ERQG LQ PHWKDQRGLGHK\GURDGDPDQWDQH DQG LWV GLPHWK\O DQDORJXH %DVHG RQ VSHFWURVFRSLF
LQYHVWLJDWLRQVDQG02FDOFXODWLRQV WKHKLJKHVWRFFXSLHGPROHFXODURUELWDORISURSHOODQHKDV
EHHQDVVRFLDWHGZLWK WKHFHQWUDOSURSHOODQHERQG LH WKHERQGEHWZHHQWKH LQYHUWHGFDUERQDWRPV
&RQFHUQLQJ WKH ELRORJLFDO DFWLYLWLHV RI DGDPDQWDQH GHULYDWLYHV ZH KDYH SUHSDUHG WKH DGDPDQWDQH





















3URYHGHQD LVWUDåLYDQMD X  JRGLQL REXKYDüDMX VLQWH]X VWXGLM VYRMVWDYD WH VDPRRUJDQL]DFLMX
VXSUDPROHNXOVNLKVXVWDYDQDVWDOLKWYRUERPDURPDWVNLKppLQWHUDNFLMDLYRGLNRYLKYH]D6LQWHWL]LUDQRMH
 QRYLK GLD]DSLUHQVNLK L GLD]DSLUHQLMHYLK GHULYDWD VSRMHYD YHOLNH DURPDWVNH SRYUªLQH L V
MHGQLPLOLGYDSR]LWLYQDQDERMDQDKHWHURDURPDWVNRPVXVWDYXVFLOMHPLVSLWLYDQMDQMLKRYLKVSRVREQRVWL
WYRUEHVXSUDPROHNXOVNLKNRPSOHNVDVQXNOHRWLGLPDXYRGHQRPPHGLMX WHQMLKRYLK LQWHUDNFLMDV’1$
8WYU HQR MHGDPRQR L GLNDWLRQVNLGLD]DSLUHQLMHYLGHULYDWL YHåX$73$’3$03*03 L&03X
YRGHQRPPHGLMX WYRUERP DURPDWVNLK pp NRPSOHNVD V QXNOHRED]DPD ORJ .V    9H]DQMH RYLK
VSRMHYD QD FDOI WK\PXV’1$SUDüHQR MH SURPMHQDPD WHPSHUDWXUD GHQDWXUDFLMH D7P L YLVNR]LWHWD
’RELYHQL UH]XOWDWL XSXþXMX QD LQWHUNDODWLYQL QDþLQ YH]DQMD GLD]DSLUHQLMHYLK GHULYDWD QD GV’1$
3URVMHþQLDILQLWHWLSUHPD’1$RGUH HQLVXIOXRULPHWULMVNLORJ.V]DPRQRL ORJ.V LORJ
.V        ]D ELVGLD]DSLUHQLMHYH GHULYDWH L WDNR HU RGJRYDUDMX PRQR RGQRVQR ELV
LQWHUNDODWLYQRP YH]DQMX RYLK VSRMHYD QD GV’1$ 3URYHGHQR MH WHVWLUDQMH RGUH HQLK 
GLD]DSLUHQLMHYLKGHULYDWDQDDQWLWXPRUVNXDNWLYQRVW LQYLWUR077WHVWVWDQLþQH OLQLMH+HSNDUFLQRP
ODULQJVD +H/D KXPDQL NDUFLQRP FHUYLNVD 0LD3D&D  NDUFLQRP SDQNUHDVD :,  L +HI 
QRUPDOQL KXPDQL ILEUREODVWL1HNL RG VLQWHWL]LUDQLK GLD]DSLUHQLMHYLK GHULYDWD SRND]DOL VX VQDåDQ





RUJDQL]DFLMD X RWRSLQL L þYUVWRP VWDQMX 3URYHGHQD LVWUDåLYDQMD SRND]DOD VX GD RYL VWUXNWXUQR
MHGQRVWDYQL VSRMHYL DOL V YLVRNLP SRWHQFLMDORP WYRUEH YRGLNRYLK YH]D SRND]XMX UD]OLþLWH YUVWH
VXSUDPROHNXOVNH RUJDQL]DFLMH X RWRSLQL L NUXWRP VWDQMX 8VWDQRYOMHQR MH GD RNVDOLO GLDPLGL V
IHQLOJOLFLQRP L OHXFLQRP WYRUH VWDELOQH JHORYH V YRGRP L QL]RP RUJDQVNLK RWDSDOD ªWR MH SRVOMHGLFD

QMLKRYRJ VDPRRUJDQL]LUDQMD X VXSUDPROHNXOVNH DVRFLMDWH SRYH]DQH KLGURIREQLP LQWHUDNFLMDPD L
YRGLNRYLPYH]DPD8VWDQRYOMHQRMHGDXþLQNRYLWRVWJHOLUDQMDRYLVLRVWHUHRNHPLMLGLDPLGD1HNLVHRG
RNVDOLOQLK GLDPLGD X þYUVWRP VWDQMX RUJDQL]LUDMX X GXJDþNH QLWL 2GUH HQL DPLQR NLVHOLQVNL PDORQLO
GLDPLGLLGHULYDWLXUHHRUJDQL]LUDMXVHXPLNURNDSVXOHLOLGDMXWHUPRWURSQHWHNXüHNULVWDOH








VHULHVRIQHZGLD]DS\UHQLXPDQGGLD]DS\UHQHGHULYDWLYHV KDVEHHQSUHSDUHG LQRUGHU WR
VWXG\WKHLULQWHUDFWLRQVZLWKQXFOHRWLGHVLQDTXHRXVPHGLDDVZHOODVWKHLUELQGLQJWR’1$,WKDVEHHQ
IRXQGWKDWPRQRDQGGLFDWLRQLFGLD]DS\UHQLXPGHULYDWLYHVELQG$73$’3$03*03DQG&03
LQZDWHU WKXV IRUPLQJDURPDWLFpp FRPSOH[HVZLWKQXFOHLF EDVHV)XUWKHU IRU WKHVHFRPSOH[HV WKH







+H/D FHUYLFDO FDUFLQRPD 0LD3D&D  SDQFUHDWLF FDUFLQRPD :,  DQG +HI  QRUPDO KXPDQ
ILEUREODVWV6RPHRIWKHWHVWHGFRPSRXQGVVKRZHGDVWURQJLQKLELWLRQRIWXPRXUFHOOJURZWKDQGRQO\
D ZHDN RQH RI WKDW RI QRUPDO FHOOV 7KHVH W\SHV RI FRPSRXQGV DQG WKHLU REVHUYHG VHOHFWLYH DQWL
FDQFHUDFWLYLWLHVZHUHSXWXQGHUSDWHQWSURWHFWLRQLQ&URDWLD
7KH VHOIDVVHPEO\ LQ GLIIHUHQW VROYHQWV RI R[DO\O PDORQ\O DQG FDUERQ\O GLDPLGHV RI YDULRXV DPLQR
DFLGVKDVEHHQLQYHVWLJDWHG0RUHWKDQGLIIHUHQWGLDPLGHVZHUHV\QWKHVLVHGDQGWKHLURUJDQLVDWLRQ
LQ VROXWLRQ DQG LQ VROLG VWDWH KDV EHHQ VWXGLHG ,W KDV EHHQ REVHUYHG WKDW R[DO\O GLDPLGHV RI
SKHQ\OJO\FLQH DQG OHXFLQH IRUPHG VWDEOH JHOV LQ ZDWHU DQG LQ YDULRXV RUJDQLF VROYHQWV RI PHGLXP
SRODULW\,WKDVEHHQIRXQGWKDWWKHLUDVVRFLDWLRQLQVXSUDPROHFXODUDJJUHJDWHVZDVDFRQVHTXHQFHRI
LQWHUPROHFXODU DURPDWLF pp K\GURSKRELF DQG K\GURJHQ ERQGLQJ LQWHUDFWLRQV 7KH REVHUYDWLRQ WKDW
WKHLU DVVHPEO\ VWURQJO\ GHSHQGVRQVWHUHRFKHPLVWU\ LV RI JUHDW LPSRUWDQFH RSWLFDOO\ SXUH GLDPLGHV
IRUPVWDEOHJHOVZKHUHDVPHVRGLDVWHUHRLVRPHUVDQGUDFHPDWHVDUHRQO\SRRUJHOODWRUV,QVROLGVWDWH
VRPHGLDPLGHVIRUPORQJILEUHVWKHUPRWURSLFOLTXLGFU\VWDOVRUPLFURFDSVXOHV
6RPHDPLQRDFLGGHULYDWLYHVRIFDOL[>DQG@DUHQHVZHUHSUHSDUHG ,WKDVEHHQIRXQG WKDW WHWUD2
&+&23KJ20HDQGWHWUD2&+&2/HX20HGHULYDWLYHVRIFDOL[>@DUHQHVIRUPHGRUJDQL]HGFDYLW\
DW ORZHU ULP DV D FRQVHTXHQFH RI LQWHUVWUDQG DPLGLF K\GURJHQ ERQGLQJ *HQHUDOO\ VXFK DQ
























&LOM SUHGORåHQLK LVWUDåLYDQMD MHVX VLQWH]H VWUXNWXUQD NDUDNWHUL]DFLMD V SRVHEQLP QDJODVNRP QD
NRQIRUPDFLMVNXDQDOL]X LELRHYDOXDFLMDQRYLKVSRMHYD L]UHGDXJOMLNRKLGUDWDSHSWLGD LJOLNRSHSWLGDNRML
SRVMHGXMX VSHFLILþQD ELRORªND VYRMVWYD V NRQDþQLP FLOMHP D GRELYDQMD QRYLK ELRDNWLYQLK VSRMHYD
VSHFLILþQLK RVRELQD L XYR HQMD QRYLK VLQWHWVNLK SRVWXSDND L UMHªHQMD RG LQWHUHVD ]D NHPLMVNX L
IDUPDFHXWVNX LQGXVWULMX E VWMHFDQMD QRYLK VSR]QDMD R VWUXNWXUL VYRMVWYLPD L UHDNFLMDPD VSRMHYD L]
UHGDXJOMLNRKLGUDWDSHSWLGDLJOLNRSHSWLGD
8 RNYLUX LVWUDåLYDQMD NRMD VH RGQRVH QD VSRMHYH NRML QDVWDMX VSRQWDQRP UHDNFLMRP UHGXFLUDMXüLK
ªHüHUDLDPLQRNLVHOLQDSHSWLGDLOLSURWHLQDXUDQRPVWDGLMX0DLOODUGRYHUHDNFLMHXIL]LRORªNLPXYMHWLPD
VLQWHWL]LUDQLVX$PDGRULMHYLVSRMHYLXNRMLPDMHHQGRJHQLRSLRLGQLSHSWLGOHXFLQHQNHIDOLQ7\U*O\*O\
3KH/HX 1DONLOLUDQ QD WLUR]LQVNRP RVWDWNX V PROHNXORP IUXNWR]H ’RELYHQL VSRMHYL NDR L QMLKRYL
VWUXNWXUQRVURGQLNUDüLSHSWLGQLDQDOR]LSURXþDYDQLVXSRPRüX105&’ L)7,5VSHNWURVNRSLMH WH MH
XVWDQRYOMHQR GD JOLNDFLMD ELRDNWLYQLK SHSWLGD XWMHþH QD NRQIRUPDFLMX SHSWLGQRJ ODQFD 1DGDOMH
WDXWRPHUQD UDYQRWHåD NHWR]QRJ GLMHODPROHNXOH X $PDGRULMHYLP VSRMHYLPD RYLVL R GXåLQL SHSWLGQRJ
ODQFD’RND]DQRMHGD$PDGRULMHYLVSRMHYLWLUR]LQDPRJXNRPSOHNVLUDWL)H,,,LRQ
5HVHDUFKSURJUDPPHDQGUHVXOWV
7KH REMHFWLYH RI WKH SURSRVHG UHVHDUFK LV V\QWKHVLV DQG VWUXFWXUDO FKDUDFWHULVDWLRQ ZLWK VSHFLDO
HPSKDVLV RQ FRQIRUPDWLRQDO DQDO\VLV DQG ELRHYDOXDWLRQ RI WKH QRYHO ZHOOGHILQHG FRPSRXQGV
EHORQJLQJ WR WKH FODVV RI FDUERK\GUDWHV SHSWLGHV DQG JO\FRSHSWLGHV 5HVHDUFK WDVNV LQFOXGH D




UHDFWLRQ LQZKLFKVXJDUV UHDFWQRQHQ]\PDWLFDOO\ZLWKDPLQRDFLGVSHSWLGHVDQGSURWHLQVVRDV WR
IRUP HDUO\ JO\FDWLRQ SURGXFWV ZH SUHSDUHG DQG FKDUDFWHULVHG QRYHO $PDGRUL FRPSRXQGV RI WKH




SHSWLGHPRLHW\ )XUWKHUPRUH RXU UHVXOWV KDYH GHPRQVWUDWHG WKDW WKH VWUXFWXUH RI WKH SHSWLGH FKDLQ
LQIOXHQFHGGLIIHUHQWLDOO\ WKH WDXWRPHULFHTXLOLEULDRI WKHVWXGLHG$PDGRULFRPSRXQGV ,QDGGLWLRQ WKH

















3URJUDP UDGD QD WHPL REXKYDüD SURXþDYDQMH HNVWUDFHOXODUQLK L LQWUDFHOXODUQLK KLGUROLWLþNLK HQ]LPD
EDNWHULMH6WUHSWRP\FHVULPRVXVVSRVHEQLPRVYUWRPQDPRJXüQRVWLQMLKRYHSULPMHQHWHSURXþDYDQMH




XWYU HQH QHNH UD]OLNH WD GYD HQ]LPD $3 3 MH GMHORPLþQR SURþLªüHQD D OLSD]D MH GRELYHQD X
KRPRJHQRPREOLNXDOL]DVDGX]UHODWLYQRQLVNRLVNRULªWHQMH,]LVWRJPLNURRUJDQL]PDSURþLªüDYDQDMHL
GHRNVLULERQXNOHD]D L FLMHSDQMHP FLMDQRJHQEURPLGRP SULSUHPDQL QMH]LQL IUDJPHQWL ]D RGUH LYDQMH
SULPDUQHVWUXNWXUH6WUHSWRPLFHWLX]KLGUROLWLþNHHQ]LPHPRJXSURL]YRGLWL L QMLKRYH LQKLELWRUHSD MH L]
ILOWUDWD NXOWXUH 6WUHSWRP\FHV WR\RFDHQVLV L]ROLUDQ LQKLELWRU SURWHD]D VOLþDQ OHXSHSWLQX RGUH HQD MH
QMHJRYDVWUXNWXUDLXþLQDNQDªLUHQMHPHWDVWD]D/HZLVRYRJSOXüQRJNDUFLQRPD
6 FLOMHP SUHSR]QDYDQMD HQ]LPDELOMHJD ]D SRMHGLQD QRUPDOQD LOL PDOLJQR WUDQVIRUPLUDQD WNLYD NDR L
HQ]LPD NRML PRJX ELWL XNOMXþHQL X UD]JUDGQMX LOL WUDQVIRUPDFLMH RGUH HQLK OLMHNRYD SURXþDYDQH VX
DPLQRSHSWLGD]HXWNLYLPDOMXGVNRJRUJDQL]PD=D$3L]ROLUDQXL]SULPDUQLKJUDQXODQHXWURILODDNWLYQX
VDPRXUHGXFLUDQRPREOLNXSRND]DQRMHGDQHUHDJLUDVDQWLWLMHOLPDVSHFLILþQLPD]DNDWHSVLQ+QLWL]D
DPLQRSHSWLGD]X0 ªWR JRYRUL GD VH UDGL R SRVHEQRP HQ]LPX .DNR MH XVWDQRYOMHQR GD MH RYD $3
VPMHªWHQDXPDWULNVXJUDQXOD]DLQVLWXLPXQRNHPLMVNXDQDOL]XSURWRþQRPFLWRPHWULMRPLVSLWLYDQHVX
PRJXüQRVWL SHUPHDELOL]DFLMH JUDQXOD L RELOMHåDYDQMD LQWUDJUDQXODUQLK HQ]LPD IOXRUHVFHQWQLP
DQWLWLMHOLPD1DVWDYDNRGUH LYDQMDDNWLYQRVWL L NROLþLQHHQ]LPDGLSHSWLGLO SHSWLGD]H ,,, X QRUPDOQLPD L
WXPRUVNLP WNLYLPD RPRJXüLR MH MDVQR XRþDYDQMH SRYLªHQH UD]LQH WRJ HQ]LPD X NDUFLQRPLPD
HQGRPHWULMD L MDMQLND UD]OLþLWLK KLVWRORªNLK WLSRYD X RGQRVX QD QRUPDOQD WNLYD ,VNXVWYD VWHþHQD WLP
LVWUDåLYDQMLPDNRULªWHQDVX]DVXUDGQMXVLVWUDåLYDþLPDQDGUXJLPWHPDPDLVSULYUHGRP
5HVHDUFKSURJUDPPHDQGUHVXOWV
7KH UHVHDUFK SURJUDPPH FRYHUV D VWXG\ RI H[WUDFHOOXODU DQG LQWUDFHOOXODU K\GURO\WLF HQ]\PHV RI
6WUHSWRP\FHV ULPRVXV ZLWK DQ HPSKDVLV RQ WKHLU SRVVLEOH DSSOLFDWLRQ DQG D VWXG\ RI SURWHRO\WLF
HQ]\PHVIURPKXPDQEORRGFHOOVZLWK WKHDLP WRHOXFLGDWH WKHLUSK\VLRORJLFDO IXQFWLRQXQGHUQRUPDO
DQG SDWKRORJLFDO FRQGLWLRQV ,Q  ZH KDYH FRQWLQXHG GHVLJQLQJ D SURFHGXUH IRU WKH LVRODWLRQ RI

LQWUDFHOOXODUDPLQRSHSWLGDVHV$3DQGDQH[WUDFHOOXODUHVWHUDVHOLSDVHRI6ULPRVXV$SDUW IURPWKH
SUHYLRXVO\ SUHSDUHG SUROLQH $3 DQRWKHU HQ]\PH RI WKLV W\SH KDV EHHQ IRXQG DQG WKH GLIIHUHQFHV
EHWZHHQWKHWZRGLVFHUQHG$33ZDVSDUWLDOO\SXULILHG/LSDVHZDVREWDLQHG LQKRPRJHQHRXV IRUP
EXWZLWKORZUHFRYHU\)URPWKHVDPHPLFURRUJDQLVPDGHR[\ULERQXFOHDVHZDVSXULILHGDQGWUHDWHG
ZLWK F\DQRJHQ EURPLGH LQ RUGHU WR REWDLQ IUDJPHQWV IRU WKH GHWHUPLQDWLRQ RI LWV SULPDU\ VWUXFWXUH
6WUHSWRP\FHWHVDUHNQRZQWRH[FUHWHK\GURO\WLFHQ]\PHLQKLELWRUVDVZHOO)URPWKHFXOWXUHILOWUDWHRI




$3 LVRODWHG IURP SULPDU\ JUDQXOHV RI QHXWURSKLOV WKDW LV DFWLYH LQ WKH UHGXFHG IRUP RQO\ ZH KDYH
VKRZQQRWWRUHDFWZLWKDQWLERGLHVVSHFLILFIRUFDWKHSVLQ+DQGIRU$30WKXVUHFRJQL]LQJLWDVDQHZ
HQ]\PH$VWKLV$3LV ORFDWHGLQWKHPDWUL[RIJUDQXOHIRUWKH LQVLWXDQDO\VLVE\IORZF\WRPHWU\ WKH
SRVVLELOLWLHV RI SHUPHDELOLVDWLRQ RI JUDQXOHV DQG LQWUDJUDQXODU HQ]\PH ODEHOOLQJ ZLWK IOXRUHVFHQW
DQWLERGLHVZHUHH[DPLQHG)XUWKHUPHDVXUHPHQWVRIWKHDFWLYLW\DQGTXDQWLW\RIGLSHSWLG\OSHSWLGDVH
,,, LQ QRUPDO DQG WXPRXU WLVVXHV KDYH UHYHDOHG D OHYHO RI WKLV HQ]\PH WR EH VLJQLILFDQWO\ KLJKHU LQ
FDQFHUV RI HQGRPHWULXP DQG RYDU\ RI GLIIHUHQW KLVWRORJLFDO W\SHV LI FRPSDUHG WR WKRVH LQ QRUPDO




















X RYLP SRGUXþMLPD  VWUXNWXUD SHSWLGRJOLNDQVNRJ PRQRPHUD X RWRSLQL  NHPLMD ELRNHPLMD L
IL]LRORJLMDELOMQLKKRUPRQD
3URXþHQLSHSWLGRJOLNDQVNLPRQRPHUVWUXNWXUH*OF1$F0XU1$F/$OD’L*OQPHVRa/e’$SP
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PRGHODNRMLELRPRJXüLRSRX]GDQHSURUDþXQHED]LþQRVWLDURPDWVNLKVSRMHYDXHOHNWURQVNLSREX HQLP
VWDQMLPD 2E]LURP QD GRVWXSQH HNVSHULPHQWDOQH SRGDWNH NDR PRGHOQL VSRMHYL VX RGDEUDQL
EHQ]DOGHKLGFLMDQREHQ]HQQLWUREHQ]HQLDFHWRIHQRQ
8] QDYHGHQH SRVWLJQXWL VX L QRYL UH]XOWDWL X UD]YRMX QRYLK GHULYDWD YLWDPLQD & L LVSLWLYDQMX QMLKRYLK
IL]LþNRNHPLMVNLK L DQWLWXPRUVNLK VYRMVWDYD 2YD VH LVWUDåLYDQMD UDGH V FLOMHP UD]YRMD QRYLK
DQWLRNVLGDQDVD D XQMLKRYRM UHDOL]DFLML X] VWDOQH VXUDGQLNHQD WHPL VXGMHOXMX LPU VF , /MXEHQNRY
VXUDGQDXVWDQRYD,1$9,1,/LGU02VPDNWHPDEU
5HVHDUFKSURJUDPPHDQGUHVXOWV
,Q RUGHU WR H[DPLQH WKH LQIOXHQFH RI KHWHURDWRPLF EULGJHV RQ WKH ORQJUDQJH SLSLLQWHUDFWLRQV D
QXPEHURIQRYHOF\FORDGGXFWVFRPSRVHGRIIXVHGVLODDQGR[DQRUERUQHQHVKDVEHHQV\QWKHVLVHG
’HHSHUXQGHUVWDQGLQJRI WKHVH LQWHUDFWLRQV LVHVVHQWLDO IRUDVXFFHVVIXOGHVLJQRIKLJKO\FRQGXFWLYH
QHZPDWHULDOV6WUXFWXUDODQGHOHFWURQLFIHDWXUHVRIWKHVHQHZFRPSRXQGVZHUHH[SORUHGDQGYDOXDEOH
LQIRUPDWLRQDERXWWKHLUWKHUPDOVWDELOLW\REWDLQHG
’HSURWRQDWLRQRI EHQ]R DQG+QDSKWKR [E] F\FORSURSHQHVZDV LQYHVWLJDWHG LQ WKH JDVHRXV SKDVH
HPSOR\LQJ ERWK WKHRUHWLFDO DQG H[SHULPHQWDO PHWKRGV ZLWK SDUWLFXODU HPSKDVLV RQ WKHLU




WKDW WKHKLJKDFLGLW\ LVHDVLO\XQGHUVWRRGE\PHDQVRIVWUXFWXUDODQGHOHFWURQLFFKDUDFWHULVWLFVRI WKH
IRUPHG DQLRQV 7KH REWDLQHG UHVXOWV EHDU IXQGDPHQWDO UHOHYDQFH VLQFH WKH DFLGLW\ RI WKHVH





















3URYHGHQD MH YLEUDFLMVND DQDOL]D WULMX L]RPHUD VWLOEHQD VLPHWULMH & WUDQV FLV L SULMHOD]QH RNRPLWH
NRQIRUPDFLMH3URUDþXQJHRPHWULMH L YLEUDFLMVNLK IUHNYHQFLMD SURYHGHQ MH VHPLHPSLULMVNLP $0 L DE
LQLWLR * UDþXQRP QD UD]LQL 5+) D ]D RNRPLWL L]RPHU GYMHPDPHWRGDPD02 QD UD]LQL 8+)
,]RPHUL]DFLMVND UHDNFLMVND NRRUGLQDWD XNOMXþXMH URWDFLMX RNR VUHGLªQMH YH]H & & L ]QDWQH SURPMHQH
JHRPHWULMH YLQLOHQVNH VNXSLQH .RQVWDQWH VLOD VNDOLUDQH VX SRVHEQR ]D FLV L WUDQV L]RPHU2YLPH MH
]DRNUXåHQD YLEUDFLMVND DQDOL]D L]RPHUD VWLOEHQD ,]YHGHQ MH UDþXQVNL SRVWXSDN ]D UDVWDYOMDQMH
QRUPDOQLK YLEUDFLMD GHULYDWD PROHNXOH QD WHPHOMX YLEUDFLMVNLK PRGRYD RVQRYQH PROHNXOH =D
L]RWRSRPHUHVHSRVWXSDNVYRGLQDSUHWDSDQMHKDUPRQLþQLKPRGRYD.YDQWLWDWLYQLRSLVJLEDQMDXQXWDU
QRUPDOQLK YLEUDFLMD V SRPRüX VHPLHPSLULMVNLK L DE LQLWLR SURJUDPD SRVWLåH VH SUHYR HQMHP SRPDND
MHGQH VNXSLQH DWRPD QD SRPDNH GUXJH VNXSLQH 2YLK QHNROLNR SULPMHUD SRND]XMH GMHORWYRUQRVW L
HOHJDQFLMXSULPMHQHYLEUDFLMVNLKVSHNWURVNRSLMD LNYDQWQRNHPLMVNLK UDþXQDQD UMHªDYDQMHVWUXNWXUQLK L
GLQDPLþNLK SUREOHPD X NHPLML 6XVWDYQLP LVWUDåLYDQMHP PRQRGHXWHULUDQLK DURPDWVNLK VSRMHYD V
MHGQRP L GYLMH IHQLOQH VNXSLQH ]DRNUXåHQD MH HNVSHULPHQWDOQD RVQRYD ]D LQWHUSUHWDFLMX QDUDYL L
PHKDQL]PDGMHORYDQMDGHXWHULMVNLKL]RWRSQLKHIHNDWDX+L&105VSHNWULPD5D]OLNHXYULMHGQRVWLL
SUHG]QDNX HIHNDWD QD NHPLMVNL SRPDN NUR] WUL GR ªHVW YH]D WXPDþH VH XWMHFDMHP NRQIRUPDFLMH
PROHNXODLLOLVORERGQLKHOHNWURQVNLKSDURYDQDKHWHURDWRPLPDNLVLNGXªLNVXSVWLWXHQDWD2GVWXSDQMD
RG SUDYLOD DGLWLYQRVWL L SURPMHQH NRQVWDQWL VSUHJH &+ X ROHILQVNRP IUDJPHQWX FLV L WUDQVVWLOEHQD
REMDªQMHQL VX QH]QDWQLP SURPMHQDPD JHRPHWULMH XVOLMHG L]RWRSQH VXSVWLWXFLMH 1D QL]X ELQXNOHDUQLK
PROHNXODGHXWHULUDQLKXSDUDSRORåDMXSRWYU HQDMHNRUHODFLMDHIHNDWDNUR]ªHVWYH]DLWRU]LMVNRJNXWD
L]PH X IHQLOQRJSUVWHQD LSUHPRªWHQMD3ULPMHQRPHNVSHULPHQWDOQLK L WHRULMVNLK DE LQLWLRJHRPHWULMD
GRELYHQLVXYLVRNLNRUHODFLMVNLIDNWRUL2YDNRUHODFLMDPRåHSRVOXåLWL]DL]XþDYDQMHNRQIRUPDFLMHVURGQLK
VSRMHYD,VWUDåLYDQMHL]RWRSQLKHIHNDWD’1&QD]DVMHQMHQMDMH]JUL+L&VSHNWULPDUH]XOWLUDOR






VWLOEHQH KDV EHHQ DFKLHYHG XVLQJ VHPLHPSLULFDO DQG DE LQLWLR PHWKRGV 9LEUDWLRQDO IUHTXHQFLHV IRU
SHUSHQGLFXODU WUDQVLWLRQ IRUP ZHUH DOVR FDOFXODWHG 3URFHVV RI LVRPHULVDWLRQ LQFOXGHV QRW RQO\ WKH





%\ V\VWHPDWLF LQYHVWLJDWLRQRI GHXWHULXPHIIHFWV RQ105VSHFWUDO SDUDPHWHUV WKHLU GHSHQGHQFH RQ
PROHFXODUFRQIRUPDWLRQDQGHOHFWURQVWUXFWXUHRIVXEVWLWXHQWVKDVEHHQFRQILUPHG5DQJHDPRXQWDQG
VLJQRI WKHHIIHFWV RQ FKHPLFDO VKLIWV GHSHQGRQ WKHSRVLWLRQRI LVRWRSHQXFOHXV LQ DPROHFXOH )RU
PRQR DQG ELQXFOHDU DURPDWLF PROHFXOHV WKH HIIHFWV GHSHQG RQ PROHFXODU FRQIRUPDWLRQ URWDPHU
SRSXODWLRQDQGORQHHOHFWURQSDLUVDWKHWHURDWRPQLWURJHQR[\JHQ,VRWRSHVXEVWLWXWLRQFDXVHVVXEWOH
FKDQJHVLQPROHFXODUJHRPHWU\WKXVFKDQJLQJYLEUDWLRQDODPSOLWXGHVDQGERQGOHQJWKVDQGLQGXFLQJ















1DSUDYOMHQL VX EURMQL DE LQLWLR UDþXQL ]D SURWRQLUDQMH L GHSURWRQLUDQMH DURPDWVNLKPROHNXOD L QMLKRYLK
SROLVXSVWLWXLUDQLK GHULYDWD 5H]XOWDWL VX X RGOLþQRP VODJDQMX V SRVWRMHüLP HNVSHULPHQWDOQLP
YULMHGQRVWLPD 0H XWLP GRN VH X HNVSHULPHQWX RGUH XMX SURWRQVNL DILQLWHWL L NLVHORVW VDPR ]D
WHUPRGLQDPLþNL HQHUJLMVNL QDMSRYROMQLMH SRORåDMH QDªL WHRULMVNL UH]XOWDWL VX PQRJR XQLYHU]DOQLML MHU
XNOMXþXMXVYHPRJXüHSRORåDMHSURWRQLUDQMDXPROHNXOL2QLSRND]XMXWDNR HUGDHQHUJLMHSURWRQLUDQMD
VOLMHGH YUOR MHGQRVWDYQD SUDYLOD DGLWLYQRVWL NRMD VH WHPHOMH QD PRGHOX QH]DYLVQLK VXSVWLWXHQDWD
3RND]DOL VPR GD RYD SUDYLOD YULMHGH ]D SURWRQVNH DILQLWHWH 3$ VXSVWLWXLUDQLK EHQ]HQD DOL L YHüLK
DURPDWVNLK VXVWDYD NDR ªWR VX QDIWDOHQ ELIHQLOHQ LWG 3URL]OD]L WDNR HU GD VOLþQD SUDYLOD PXWDWLV
PXWDQGLV YULMHGH L ]D HQHUJLMH GHSURWRQLUDQMD WM ]D NLVHORVW VXSVWLWXLUDQLK DURPDWD -HGDQ RG YUOR
]QDþDMQLKUH]XOWDWDRYLKLVWUDåLYDQMDMHVWGL]DMQYUORMDNLKVXSHUOXåLQDW]YSURWRQVNLKVSXåYLþLMLVH
SURWRQVNLDILQLWHWLQDOD]HXUDVSRQXRGNFDOPRO2YDNRYLVRNDOXåQDWRVWSRVWLJQXWDMHSRPRüX
SRWSXQR QRYRJ NRQFHSWD DURPDWL]DFLMH WURþODQRJ FLNORSURSHQVNRJ RGQRVQR ªHVWHURþODQRJ
EHQ]HQVNRJ SUVWHQD QDNRQ SURWRQLUDQMD DONLO VXSVWLWXLUDQH LPLQR VNXSLQH 2YD LVWUDåLYDQMD VH
QDVWDYOMDMX MHU PRJX GRYHVWL GR PROHNXODUQLK SURWRQVNLK åLFD ªWR EL PRJOR LPDWL SULPMHQX SUL
LQåHQMHULQJX QRYLK PDWHULMDOD YLVRNLK SHUIRUPDQVL .RQDþDQ FLOM RYLK LVWUDåLYDQMD MH VWYDUDQMH PDOLK
VWURMHYD QD PROHNXODUQRM UD]LQL 3RVHELFH åHOLPR LVWDNQXWL GD DGLWLYQRVW SURWRQVNLK DILQLWHWD YULMHGL
SRGMHGQDNR ]D VYH SR]LFLMH XQXWDU DURPDWVNRJ SUVWHQD V L]X]HWNRP LSVR SRORåDMD 3URWRQLUDQMH QD
RYRPSRORåDMX L]EDFXMHVXSVWLWXHQW L]YDQUDYQLQHDURPDWVNRJSUVWHQDªWRYRGLXSUDYLOXGRQMHJRYRJ
SURVWRUQRJQDELUDQMD2YRSRVOMHGQMH ]QDWQRSHUWXUELUD DURPDWVNL IUDJPHQW SD IRUPXOH DGLWLYQRVWL X
VWDQGDUGQRP REOLNX YLªH QH YULMHGH 3RND]DOL VPR PH XWLP GD VH DGLWLYQRVW PRåH SRQRYQR
XVSRVWDYLWLDNRVHL]DEHUHQRYDVNDODNDRLSULNODGQRGHILQLUDQLQRYLLQNUHPHQWL
.RQDþQR SRND]DOL VPR GD SRVWRML YUOR XVND OLQHDUQD YH]D L]PH X 3$ L DILQLWHWD SUHPD PHWLOQRP
NDWLRQX WH GD ]D&+ DILQLWHW YULMHGH VOLþQD SUDYLOD DGLWLYQRVWL 1D NUDMX VSRPHQXW üHPR GD VPR

UD]PDWUDOL SUREOHPHPROHNXODUQH L HOHNWURQVNH VWUXNWXUHQHNLK IX]LRQLUDQLK DQWL0LOOV1L[RQ SODQDUQLK
VXVWDYDLRGUHGLOLQMLKRYDPMHVWDQDMYMHURMDWQLMHJHOHNWURILOQRJQDSDGD
5HVHDUFKSURJUDPPHDQGUHVXOWV
3URWRQDWLRQ DQG GHSURWRQDWLRQ HQHUJLHV RI DURPDWLFV DQG WKHLU KHDYLO\ VXEVWLWXWHG GHULYDWLYHV KDYH




WKH HVWLPDWHG SURWRQ DIILQLWLHV 3$V DQG DFLGLWLHV $&V VKRZV WKDW WKH\ IROORZ YHU\ VLPSOH DQG
WUDQVSDUHQW DGGLWLYLW\ IRUPXODH IRXQG E\ HPSOR\LQJ WKH LQGHSHQGHQW VXEVWLWXHQW DSSUR[LPDWLRQ ,6$
PRGHO ,W KDV EHHQ VKRZQ WKDW WKH DGGLWLYLW\ UXOH IRU 3$V SHUIRUPV YHU\ZHOO QRW RQO\ LQ VXEVWLWXWHG
EHQ]HQHVEXWDOVR LQ ODUJHUDURPDWLFV OLNHQDSKWKDOHQHVELSKHQ\OHQHVHWF$QDORJRXV UXOHPXWDWLV
PXWDQGLV JRYHUQV GHSURWRQDWLRQ HQHUJLHV RI DURPDWLFV 2QH RI WKH PRVW VLJQLILFDQW UHVXOWV RI RXU
LQYHVWLJDWLRQVLQLVDGHVLJQRIVHYHUDOVXSHUEDVHVZKLFKH[KLELWYHU\KLJK3$VLQWKHUDQJHRI
WRNFDOPRO7KLVZDVDFKLHYHGE\GHYHORSLQJDFRPSOHWHO\QHZFRQFHSWDURPDWLVDWLRQRIWKH
WKUHHPHPEHUHG F\FORSURSHQHDQGVL[PHPEHUHG EHQ]HQH ULQJXSRQSURWRQDWLRQRI WKHDWWDFKHG





)LQDOO\ WKH PROHFXODU DQG HOHFWURQLF VWUXFWXUHV RI VRPH DQWL0LOOV1L[RQ SODQDU PROHFXOHV ZHUH
H[DPLQHGDQGWKHSRVLWLRQVPRVWVXVFHSWLEOHWRWKHHOHFWURSKLOLFDWWDFNLGHQWLILHG
35,/2=,
=QDQVWYHQL UDGRYL REMDYOMHQL X
þDVRSLVLPDNRMLVXLQGHNVLUDQLX&XUUHQW
&RQWHQWVX
 %DUDQRYLü * *HQHUDOL]HG KDUPRQLF PRGH
VFUDPEOLQJ&KHPLFDO3K\VLFV/HWWHUV

 %LVWULþLü / %DUDQRYLü * âDIDU &YLWDª ’
0OLQDULü0DMHUVNL . 1DWXUH RI ERQGLQJ LQ
>@SURSHOODQH9LEUDWLRQDOVSHFWUDDQGQRUPDO
FRRUGLQDWH DQDO\VLV RI PHWKDQR
GLGHK\GURDGDPDQWDQH GLPHWK\OPHWKDQR




0DNVLü = % 3ULPRUDF 0 7KHRUHWLFDO PRGHO
FDOFXODWLRQV RI WKH DEVROXWH SURWRQ DIILQLWLHV RI
EHQ]RQLWULOH QLWURVR DQG QLWUREHQ]HQH
7KHRFKHP-RXUQDO RI 0ROHFXODU 6WUXFWXUH 

 (FNHUW0DNVLü 0 .OHVVLQJHU 0 $QWRO ,
0DNVLü =% $GGLWLYLW\ RI SURWRQ DIILQLWLHV LQ
GLVXEVWLWXWHG QDSKWKDOHQHV -RXUQDO RI 3K\VLFDO
2UJDQLF&KHPLVWU\
 .ODVLQF / 3DªD7ROLü /M 9LNLü7RSLü ’
.QRS -90F*O\QQ 63 /RQJUDQJH HOHFWURQLF
LQWHUDFWLRQV LQ DQGURVWDQHGLRQHV ,QWHUQDWLRQDO
-RXUQDO RI 4XDQWXP &KHPLVWU\   

 .RYDþHN’0DNVLü=%1RYDN,$GGLWLYLW\RI
WKH SURWRQ DIILQLW\ LQ DURPDWLFV IOXRULQDWHG
QDSKWKDOHQHV-RXUQDORI3K\VLFDO&KHPLVWU\

 0DNVLü = % .RYDþHYLü % .RYDþHN ’
6LPSOHDELQLWLRPRGHOIRUFDOFXODWLQJWKHDEVROXWH
SURWRQ DIILQLW\ RI DURPDWLFV -RXUQDO RI 3K\VLFDO
&KHPLVWU\
 0HLü=%DUDQRYLü*6PUHþNL91RYDN3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 +DUH 0 $UURZRRG 7 *ODVRYDF =
(FNHUW0DNVLü 0 .DVV 65






+ FKHPLFDO VKLIWV LQ FLV DQG WUDQVVWLOEHQH
-RXUQDORI0ROHFXODU6WUXFWXUH
 2VPDN 0 .RYDþHN , /MXEHQNRY ,
6SDYHQWL 5 (FNHUW0DNVLü 0 $VFRUELF DFLG
DQG GHR[\FKORURDVFRUELF DFLG  SRWHQWLDO
DQWLFDQFHU GUXJV 1HRSODVPD   

 3RQJUDþLü 0 5DLü 6 9LNLü7RSLü ’
0LQWDV 0 $F\FOLF DQDORJXHV RI SXULQH






0 3RQJUDþLü 0 3ODYHF - 9LNLü7RSLü ’
$F\FOLF SXULQH QXFOHRVLGH DQDORJXHV 
FRPSXWDWLRQDO DQG 105 VWXGLHV RI
FRQIRUPDWLRQDO EHKDYLRXU -RXUQDO RI 0ROHFXODU
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
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 %DUDQRYLü *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0HLü = 1HDULQIUDUHG )RXULHU WUDQVIRUP 5DPDQ
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D]REHQ]HQH LVRWRSRPHUV -RXUQDO RI 0ROHFXODU
6WUXFWXUH
 7XªHN%RåLü /M ßXULü 0 9LNLü7RSLü ’
/\þND $ 0XOWLQXFOHDU 105 VWXGLHV RI
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,,GLKDOLGHFRPSOH[HVRIGLEXW\O^DOSKD
 > SKHQ\OGLD]HQ\O DQLOLQR@ EHQ]\O‘
SKRVSKRQDWH &ROOHFWLRQ RI &]HFKRVORYDN
&KHPLFDO &RPPXQLFDWLRQV   

 9LNLü7RSLü’1RYDN36PUHþNL90HLü
= ’HXWHULXP LVRWRSH HIIHFWV LQ & 105
VSHFWUD RI WUDQVD]REHQ]HQH -RXUQDO RI
0ROHFXODU6WUXFWXUH
 :DUUHQHU510DUJHWLü’7LHNLQN(57
5XVVHOO 5$ 7KH R[DGLD]ROH DQG 
WKLDGLD]ROH FRXSOLQJ RI QRUERUQHQHV DQG 
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
 :DUUHQHU 51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 0DUJHWLü ’









 %DUDQRYLü * 0HLü = 0DXOLW] $ +
9LEUDWLRQDO DQDO\VLV RI VWLOEHQH DQG LWV
LVRWRSRPHUV RQ WKH JURXQG VWDWH SRWHQWLDO
VXUIDFH6SHFWURFKLPLFD$FWD3DUW$
 (FNHUW0DNVLü0.QHåHYLü$0DNVLü = %
$EVROXWH SURWRQ DIILQLW\ RI VRPH VXEVWLWXWHG
WROXHQHV7KHDGGLWLYLW\UXOHRIWKXPEIRUWKHLSVR
DWWDFN-RXUQDORI3K\VLFDO2UJDQLF&KHPLVWU\
 .RYDþHYLü % 0DNVLü = % 7RZDUG
HQJLQHHULQJ RI YHU\ VWURQJ RUJDQLF EDVHV
SURQRXQFHG SURWRQ DQG HOHFWURQLF PRWLI
&KHPLFDO3K\VLFV/HWWHUV
 0DNVLü =%(FNHUW0DNVLü0 .QHåHYLü $
0HWK\O FDWLRQ DIILQLW\ YV SURWRQ DIILQLW\ LQ
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RI3K\VLFDO&KHPLVWU\
 0DNVLü = % (FNHUW0DNVLü 0 0R 2
<DQH] 0 7KH 0LOOV1L[RQ HIIHFW UHYLVLWHG X
3DXOLQJ
V OHJDF\  0RGHUQ PRGHOOLQJ RI WKH
FKHPLFDO ERQG = % 0DNVLF DQG: - 2UYLOOH
7KRPDV(GV(OVHYLHU
 1RYDN 3 ’LUHFWLRQDOLW\ RI LQWULQVLF GHXWHULXP
LVRWRSHHIIHFWV LQ &105VSHFWUDRIPROHFXOHV
FRQWDLQLQJ RQH RU WZR SKHQ\O JURXSV &URDWLFD
&KHPLFD$FWD
 1RYDN39LNLü7RSLü’6PUHþNL90HLü=
,VRWRSH HIIHFWV LQ 105 VSHFWUD DV D VWUXFWXUDO
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 =ULQVNL , 6LOLOQL GHULYDWL FLNORSURSHQD 3ULSUDYD L
HOHNWURQVND VWUXNWXUD =DJUHE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PDWHPDWLþNL IDNXOWHW 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’LSORPVNLUDGRYL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





7KH 7ZHOIWK ’XEURYQLN ,QWHUQDWLRQDO &RXUVH 	
&RQIHUHQFH RQ WKH ,QWHUIDFHV DPRQJ 0DWKHPDWLFV
&KHPLVWU\ DQG &RPSXWHU 6FLHQFHV 	 7KH )RXUWK
&URDWLDQ 0HHWLQJ RQ )XOOHUHQHV ’XEURYQLN 
9LNLü7RSLü’VXGLUHNWRU
.RORNYLML L VHPLQDUL RGUåDQL X GUXJLP
XVWDQRYDPD




1RYDN 3 ,]RWRSQL HIHNWL X 105 VSHNWULPD NDR
NRQIRUPDFLMVND VRQGD ]D RUJDQVNH PROHNXOH
.HPLMVNL RGVMHN 3ULURGRVORYQRPDWHPDWLþNRJ
IDNXOWHWD=DJUHE
9LNLü7RSLü ’ 3ULPMHQD GYRGLPHQ]LMVNH 105
VSHNWURVNRSLMH X RGUH LYDQMX VWUXNWXUH
3ULURGRVORYQRPDWHPDWLþNL IDNXOWHW 8QLYHU]LWHWD
6NRSMH6NRSMH0DNHGRQLMD
0DNVLü = % 7KH $EVROXWH 3URWRQ $IILQLW\ RI
3RO\VXEVWLWXWHG$URPDWLF0ROHFXOHV–’HULYDWLRQ
RI WKH $GGLWLYLW\ 5XOH ,QVWLWXW -RåHI 6WHIDQ
/MXEOMDQD6ORYHQLMD




.LULQ 6 6\QWKHVH YRQ 6LODQRUERUQHQHQ GXUFK
&\FORDGGLWLRQHQXQWHUVHKUKRKHP’UXFN,QVWLWXW
IU 2UJDQLVFKH &KHPLH 8QLYHUVLWlW *+ (VVHQ
(VVHQ1MHPDþND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9LNLü7RSLü’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 .HPLMD X HNVWUHPQLP XYMHWLPD 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.RORNYLM PODGLK LVWUDåLYDþD 3ULURGRVORYQR
PDWHPDWLþNL IDNXOWHW =DJUHE +UYDWVND  

0DNVLü = % 7KH 3URWRQ $IILQLW\ RI $URPDWLF
&RPSRXQGV7KH$GGLWLYLW\5XOHIRU6XEVWLWXWHG
(IIHFWV ,QVWLWXW IU 2UJDQLVFKH &KHPLH
8QLYHUVLWlW(VVHQ1MHPDþND
(FNHUW0DNVLü 0 %LRORªND DNWLYQRVW GHULYDWD































3ULURGRVORYQRPDWHPDWLþNL IDNXOWHW=DJUHE ªN JRG
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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,GHQWLILNDFLMD NHPLMVNLK VSRMHYD VSHNWURVNRSVNLP
PHWRGDPD
3UHGDYDþ1RYDN3




3ULURGRVORYQRPDWHPDWLþNL IDNXOWHW=DJUHE ªN JRG
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0DNVLü = % ,QVWLWXW IU 2UJDQLVFKH &KHPLH
8QLYHUVLWlW *+ (VVHQ 1MHPDþND  

1RYDN3&HQWUDO5HVHDUFK,QVWLWXWHIRU&KHPLVWU\
+XQJDULDQ $FDGHP\ RI 6FLHQFHV %XGLPSHªWD

6PUHþNL 9 &HQWUDO 5HVHDUFK ,QVWLWXWH IRU







 1RYDN 3 9LNLü7RSLü ’ 6PUHþNL 9 0HLü
= ,VRWRSH (IIHFWV LQ 105 6SHFWUD DV D
&RQIRUPDWLRQDO3UREHSRVWHU
 6PUHþNL 9 9LNLü7RSLü ’ 1RYDN 3 0HLü
=,QWULQVLF’HXWHULXP,QGXFHG,VRWRSH(IIHFWVLQ
& 105 6SHFWUD RI 3URWRQDWHG
%HQ]\OLGHQHDQLOLQH DQG $]REHQ]HQH
,VRWRSRPHUVSRVWHU




 (FNHUW0DNVLü 0 .LULQ 6 , 1RYDN
’RXPERX\D 1 0DNVLPRYLü /- /HNR 7
5DGHPDFKHU 3 ,QWHUDNFLMD RVDPOMHQLK SDURYD
GXJRJ GRVHJD X GLHSRNVLWHWUDKLGURDQWUDFHQLPD
SRVWHU
 (FNHUW0DNVLü00DNVLü=%*ODVRYDF=
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 $E LQLWLR VWXGLM
RNVLGDFLMH aKLGURNVLWHWURQVNH NLVHOLQH 2+
UDGLNDORPSRVWHU
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HIHNWL GXJRJD GRVHJD QD NHPLMVNH SRPDNH +
105XQHNLPGHULYDWLPDEHQ]HQDSRVWHU
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5DPDQRYLVSHNWULSURWRQLUDQRJWUDQV1
VDOLFLOLGHQDQLOLQDSRVWHU














 *ODVRYDF = $QWRO , .DVV 6 5 (FNHUW
0DNVLü 0 $FLGLW\ RI EHQ]R DQG
QDSKWKRF\FORSURSHQH *DV SKDVH DQG DE LQLWLR
VWXG\SRVWHU
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/RQJ 5DQJH ,VRWRSH (IIHFWV DV D &RQIRUPDWLRQDO
3UREHSRVWHU
 6PUHþNL 9 .RYDþHN ’ %DUDQRYLü * 0HLü
=.HUHV]WXU\*7KH$VVLJQPHQWRI6HYHUDO.H\
9LEUDWLRQV LQ 5DPDQ 6SHFWUD RI 3URWRQDWHG DQG
’HXWHUDWHG WUDQV$]REHQ]HQH ,VRWRSRPHUV
SRVWHU
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 (FNHUW0DNVLü 0 *ODVRYDF = 0DNVLü = %
2Q WKH VWDELOLW\ RI KHWHURF\FOLF DQDORJRQV RI
EHQ]RF\FORSURSHQ\ODQLRQSRVWHU
 0DNVLü = % (FNHUW0DNVLü0 ’HSURWRQDWLRQ
RI SRO\VXEVWLWXWHG DURPDWLFV ’HYHORSPHQW RI WKH
DGGLWLYLW\UXOHSRVWHU
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 ’LHOV$OGHU
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GUXJLPXVWDQRYDPD
%DUDQRYLü * 9LNLü7RSLü ’ 6\VWHPV RI




%DUDQRYLü* 9LEUDWLRQDO DQDO\VLV RI VWLOEHQH DQG
LWV GHULYDWLYHV LQ UHODWLRQ RI WKHLU SKRWRSK\VLFV
DQG SKRWRFKHPLVWU\ ’HSDUWPHQW RI &KHPLVWU\
8QLYHUVLW\RI5RFKHVWHU5RFKHVWHU1<1DWLRQDO
6FLHQFH)RXQGDWLRQ:DVKLQJWRQ’&6$’
(FNHUW0DNVLü 0 )XVHG R[DQRUERUQHQHV DV
EXLOGLQJ EORFNV RI QRYHO PDFURSRO\FOLF
PROHFXOHV 8QLYHUVLW\ RI (VVHQ ’/5
,QWHUQDWLRQDOHV%UR1MHPDþND
(FNHUW0DNVLü 0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=XVWDQG]DNODGD9RONVZDJHQ1MHPDþND
0DNVLü = % 7HRULMVNR LVWUDåLYDQMH NHPLMVNH
UHDNWLYQRVWL (OHNWURILOQDVXSVWLWXFLMDDURPDWVNLK
PROHNXOD ,QVWLWXW -RåHI âWHIDQ /MXEOMDQD
6ORYHQLMD
0HLü = ,QYHVWLJDWLRQ RI PROHFXODU VWUXFWXUH DQG
G\QDPLFV XVLQJ VSHFWURVFRSLF DQG TXDQWXP
FKHPLFDOPHWKRGV&HQWUDO5HVHDUFK,QVWLWXWHIRU
&KHPLVWU\ +XQJDULDQ $FDGHP\ RI 6FLHQFHV
%XGLPSHªWD0D DUVND
3RVMHWLQR]HPQLKVWUXþQMDND
-DNDE /DMRV .)., $WRPLF (QHUJ\ 5HVHDUFK
,QVWLWXWH %XGLPSHªWD 0D DUVND 

.HUHV]WXU\ *DERU &HQWUDO 5HVHDUFK ,QVWLWXWH IRU
&KHPLVWU\ +XQJDULDQ $FDGHP\ RI 6FLHQFHV
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
-DOVRYV]N\ *\|UJ\ &HQWUDO 5HVHDUFK ,QVWLWXWH IRU








6FKDHIHU ,,, +HQU\ ) &HQWHU IRU &RPSXWDWLRQDO





























3URJUDP=QDQRVW L WHKQRORJLMDPDWHULMDODSULGRQRVLGXJRURþQLPFLOMHYLPD]QDQRVWL LJRVSRGDUVWYDX
5HSXEOLFL +UYDWVNRM VOMHGHüLP DNWLYQRVWLPD D VLQWH]RP L LVWUDåLYDQMHP VYRMVWDYD SULPMHQOMLYLK
PDWHULMDOD ]HROLWL PDJQHWQL RNVLGL VXSUDYRGOMLYL RNVLGL RNVLGQD L PHWDOQD VWDNOD VWDNORNHUDPLNH
NODVWHUL LQWHUPHWDOQL VSRMHYL L PHWDOQL KLGULGL E LVWUDåLYDQMHP NLQHWLND L PHKDQL]DPD NHPLMVNLK
SURFHVDFUD]YRMHPWHRULMVNLKLHNVSHULPHQWDOQLKPHWRGDX]QDQRVWLRPDWHULMDOLPDGLVWUDåLYDQMHP
L UD]YRMHP UDGLMDFLMVNH WHKQRORJLMH H VXUDGQMRP V KUYDWVNRP LQGXVWULMRP L XVWDQRYDPD I




]HROLWD 2GUH HQ MH XWMHFDM UD]OLþLWLK IL]LþNRNHPLMVNLK SDUDPHWDUD QD UDVSRGMHOX 1D $O L 6L L]PH X
þYUVWH L WHNXüH ID]H DOXPRVLOLNDWQLK KLGURJHORYD WH MH QD RVQRYL GRELYHQLK ]DNRQLWRVWL PRJXüH
PRGHOLUDWL NHPLMVNX VLQWH]X ]HROLWD NDNR EL VH GRELR åHOMHQL WLS ]HROLWD RGUH HQD YHOLþLQD þHVWLFD L
SRåHOMQDPRUIRORJLMD1DPRGHOQRP VXVWDYX NDOFLMHYRJ NDUERQDWD LVSLWDQD MH NLQHWLND WUDQVIRUPDFLMH
YDWHULWD X NDOFLW X YRGHQRP PHGLMX 2GUH HQL VX XYMHWL VLQWH]H QLVNRWHPSHUDWXUQRJ DPRUIQRJ
SUHNXUVRUD PDJQHWQLK RNVLGD RSüH IRUPXOH 5)H2 5 ULMHWND ]HPOMD WH L]YHGHQD QMHJRYD
NDUDNWHUL]DFLMD V RE]LURPQD NHPLMVND VWUXNWXUQD LPDJQHWVND VYRMVWYD ,VSLWDQL VX XYMHWL QDVWDMDQMD
þYUVWLKRWRSLQDXPMHªRYLWLPPHWDOQLPRNVLGLPD ,]YHGHQD MHRULJLQDOQDVLQWH]DþHVWLFD7L2 YHOLþLQH
QP ]D SULPMHQX X QRYRP WLSX VRODUQH üHOLMH 8YHGHQD MH PHWRGD 5LHWYHOGD X UMHªDYDQMX NULVWDOQH

VWUXNWXUH SROLNULVWDOQLK X]RUDND WH RGUH LYDQMX YHOLþLQD NULVWDOLWD L QDSUH]DQMD NULVWDOQH UHªHWNH
,VWUDåLYDQHVXUHDNFLMHVORERGQLKUDGLNDODL]D]YDQH]UDþHQMHPXVXVWDYLPDRGELRPHGLFLQVNHYDåQRVWL
RVRELWR ODQþDQD UHDNFLMD SHURNVLGDFLMH QH]DVLüHQLKPDVQLK NLVHOLQD2EMDªQMHQ MH XWMHFDM HOHNWULþQRJ
SROMD L EU]LQH GR]H WH XORJH SULMHOD]D WHNXüHWHNXüH QD EU]LQX UHDNFLMH L VWXSDQM XPUHåHQMD SUL
UDGLMDFLMVNL L WHUPLþNL LQLFLUDQRP XPUHåDYDQMX QH]DVLüHQLK SROLHVWHUNVLK VPROD 3ULUH HQL VX QRYL
LQWHUPHWDOQL VSRMHYL RSüHJ VDVWDYD 51L[$O[ 5 7E +R (U WH  L]YHGHQD QMLKRYD VWUXNWXUQD
NDUDNWHUL]DFLMD,VWUDåLYDQMHXWMHFDMYRGLNDQDMHGQRID]QHLQWHUPHWDOLNHL]PH XL.LSULWODNXGR









YDWHULWH LQWR FDOFLWH 7KH FRQGLWLRQV XQGHU ZKLFK WKH V\QWKHVLV RI ORZWHPSHUDWXUH DPRUSKRXV




WKH5LHWYHOGPHWKRGZDV LQWURGXFHG5DGLDWLRQLQGXFHG UHDFWLRQVRI IUHH UDGLFDOV LQ WKH V\VWHPV RI
LQWHUHVW WR ELRPHGLFLQH LQ SDUWLFXODU WKH FKDLQ SHUR[LGDWLRQ RI XQVDWXUDWHG IDWW\ DFLGV ZHUH
LQYHVWLJDWHG 7KH LQIOXHQFH RI HOHFWULF ILHOG GRVH UDWH DQG OLTXLGOLTXLG WUDQVLWLRQ RQ WKH UDWH RI
WKHUPDOO\ DQG UDGLDWLRQ LQGXFHGFURVVOLQNLQJRI XQVDWXUDWHGSRO\HVWHU UHVLQVZLWK VW\UHQH KDV EHHQ
H[SODLQHG 1HZ LQWHUPHWDOOLF FRPSRXQGV RI WKH JHQHUDO 51L[$O[ 5 7E+R(U FRPSRVLWLRQ ZHUH
SUHSDUHGDQGLQYHVWLJDWHGE\PHDQVRIWKH;UD\SRZGHUGLIIUDFWLRQDQGPHWDOORJUDSK\5HOD[DWLRQLQ
GLHOHFWULF PDWHULDOV ZDV VWXGLHG E\ PHDQV RI WKHUPDOO\ VWLPXODWHG GHSRODULVDWLRQ FXUUHQW 7KUHH
GLIIHUHQWDUHDVRI LQRUJDQLF FKHPLVWU\KDYHEHHQ LQYHVWLJDWHG VXSHUFRQGXFWLQJR[LGHV KH[DQXFOHDU
FOXVWHUVRIHDUO\ WUDQVLWLRQPHWDOV DQG FRPSOH[HVRI&R,, DQG1L,, ZLWKPDFURF\FOLF OLJDQGV1HZ




















1D WHPHOMX UH]XOWD[WD LVWUDåLYDQMD XWMHFDMD ªDUåQH NRQFHQWUDFLMH DOXPRVLOLNDWD L ªDUåQRJ PRODUQRJ
RPMHUD 6L$O QD UDVSRGMHOX 1D $O L 6L L]PH X þYUVWH L WHNXüH ID]H DOXPRVLOLNDWQLK KLGURJHORYD




$QDOL]D XWMHFDMD OXåQDWRVWL VXVWDYD WLMHNRPSULSUDYH DPRUIQLK DOXPRVLOLNDWQLK KLGURJHORYD QD QMLKRYD
VWUXNWXUQD VYRMVWYD L WLMHNRYH SURFHVD NULVWDOL]DFLMH ]HROLWD L] QDYHGHQLK KLGURJHORYD SRND]DOD MH GD
OXåQDWRVW VXVWDYD WLMHNRP SULSUDYH KLGURJHORYD ]QDþDMQR XWMHþH QD EURM L UDVSRGMHOX þHVWLFD
NYD]LNULVWDOQH]HROLWQHID]HQXNOHXVDXPDWULFLJHODLRWXGQDNLQHWLNXDXWRNDWDOLWLþNHQXNOHDFLMHWHQD
XNXSQX EU]LQX SURFHVD NULVWDOL]DFLMH L þHVWLþQD VYRMVWYD SURGXNDWD NULVWDOL]DFLMH ,DNR VH QD WHPHOMX
GRELYHQLK UH]XOWDWD QH PRåH WRþQR REMDVQLWL XWMHFDM OXåQDWRVWL QD EURM L UDVSRGMHOX þHVWLFD




þHVWLþQLK VYRMVWDYD SURGXNDWD NULVWDOL]DFLMH ]HROLWD L] JHORYD UD]YLMHQD MH PHWRGD ]D RGUH LYDQMH
UDVSRGMHOHþHVWLFDNYD]LNULVWDOQHID]HXPDWULFLJHOD3ULPMHQRPRYHPHWRGHXWYU HQRMHGDUDVSRGMHOD
YHOLþLQD NULVWDOD ]HROLWD X SURGXNWX NULVWDOL]DFLMH QH RYLVL R SRVWXSNX V JHORP SULMH QMHJRYH
KLGURWHUPDOQH REUDGH QLWL R XYMHWLPD KLGURWHUPDOQH REUDGH NULVWDOL]DFLMH YHü LVNOMXþLYR  R EURMX L
UDVSRGMHOL SRWHQFLMDOQLK QXNOHXVD þHVWLFD NYD]LNULVWDOQH ID]H X PDWULFL JHOD RGUH HQLP XYMHWLPD L




KSUL  R& ]DNOMXþHQR MH GD WLMHNRPVWDUHQMDJHODX QMHJRYRM WHNXüRM ID]LQDVWDMX W]Y
DQRUJDQVNRRUJDQVNH  NRPSR]LWQH YUVWH L JOREXODUQH VWUXNWXUQH MHGLQLFH DJUHJDFLMRP DQRUJDQVNR
RUJDQVNLKNRPSR]LWQLKYUVWD
5H]XOWDWL WHUPLþNH WUDQVIRUPDFLMH ]HROLWD $ X NRMLPD MH GLR RULJLQDOQLK QDWULMHYLK LRQD ]DPLMHQMHQ
NDOLMHYLPLRQLPDSRND]DOLVXGDVHWUDQVIRUPDFLMDQDR&RGYLMDXVOLMHGX1D.]HROLWD$DPRUIQL
1D.DOXPRVLOLNDW  QH]HROLWQH NULVWDOQH ID]H NDOVLOLW  NDOLRILOLW 3UL WRPH SRVHELFH ]DQLPOMLYR
RSDåDQMH MHVW GD XVSUNRV LQWHQ]LYQLP VWUXNWXUQLP SURPMHQDPD SRþHWQL REOLN þHVWLFD NXELþQL NULVWDOL
]HROLWD$QMLKRYDYHOLþLQDUDVSRGMHODVSHFLILþDQEURM LVSHFLILþQDSRYUªLQDRVWDMXQHSURPLMHQMHQL7D
L]X]HWQR]DQLPOMLYDSRMDYDELWLüHSRGUREQLMHLVWUDåHQDXEXGXüHPUDGX
0MHUHQMHP NRQFHQWUDFLMD QDWULMHYLK L NDGPLMHYLK LRQD X WHNXüRM L þYUVWRM ID]L X UDYQRWHåQLP XYMHWLPD
SURFHVD LRQVNH]DPMHQH L]PH XQDWULMHYLK LRQD L]]HROLWD$ LNDGPLMHYLK LRQD L]RWRSLQHSUL UD]OLþLWLP
WHPSHUDWXUDPD  L]UDþXQDWH VX VWDQGDUGQD VORERGQD HQHUJLMD VWDQGDUGQD HQWDOSLMD L VWDQGDUGQD
HQWURSLMDSURFHVD]DPMHQH1DWHPHOMXWHUPRGLQDPLþNLKSRGDWDNDSURFHVD]DPMHQHNDGPLMHYLKLRQDL]




DQG WKHEDWFKPRODU UDWLR6L$ORQ WKHGLVWULEXWLRQRI1D$ODQG6LEHWZHHQ WKHVROLGDQG WKH OLTXLG
SKDVHRIDOXPLQRVLOLFDWHK\GURJHOSUHFXUVRUVDQHTXDWLRQKDVEHHQGHULYHG,WHQDEOHVWKHSUHGLFWLRQ





JHO SUHSDUDWLRQ FRQVLGHUDEO\ DIIHFWV WKH QXPEHU DQG GLVWULEXWLRQ RI WKH SDUWLFOHV RI TXDVLFU\VWDOOLQH
]HROLWHSKDVHQXFOHLLQWKHJHOPDWUL[7KXVWKHUDWHVRIDXWRFDWDO\WLFQXFOHDWLRQWKHHQWLUHSURFHVV

RIFU\VWDOOLVDWLRQDQG WKHSDUWLFXODWHSURSHUWLHVRI WKHHQGSURGXFWRI WKHFU\VWDOOLVDWLRQSURFHVVDUH
DIIHFWHGDVZHOO
%DVHGRQWKHNLQHWLFGDWDRI]HROLWHFU\VWDOOLVDWLRQUDWHVRIQXFOHDWLRQDQGRIFU\VWDOJURZWKDQGRQ
WKHSDUWLFXODWHSURSHUWLHVRI WKH FU\VWDOOLQH HQGSURGXFWV REWDLQHG IURPJHOV GXULQJ FU\VWDOOLVDWLRQRI
]HROLWHVDPHWKRGIRUGHWHUPLQLQJWKHGLVWULEXWLRQRIWKHSDUWLFOHVRITXDVLFU\VWDOOLQHSKDVHLQWKHJHO
PDWUL[KDVEHHQGHYHORSHG%\DSSO\LQJWKLVPHWKRGZHKDYHIRXQGWKDWWKHVL]HGLVWULEXWLRQRI]HROLWH
FU\VWDOV LQ WKH FU\VWDOOLQH HQG SURGXFW GHSHQGV QHLWKHU RQ WKH JHO WUHDWPHQW EHIRUH K\GURWKHUPDO
FU\VWDOOLVDWLRQ QRU RQ WKH FU\VWDOOLVDWLRQ FRQGLWLRQV ,W H[FOXVLYHO\ GHSHQGV RQ WKH QXPEHU DQG
GLVWULEXWLRQ RI WKH SRWHQWLDO QXFOHL SDUWLFOHV RI WKH TXDVLFU\VWDOOLQH SKDVH LQ WKHPDWUL[ RI WKH JHO




SHULRGV RI WLPH  K DW R& LW KDV EHHQ FRQFOXGHG WKDW VRFDOOHG LQRUJDQLFRUJDQLF
FRPSRVLWH VSHFLHV DVZHOO DV JOREXODU VWUXFWXUDO XQLWV IRUPHG E\ WKH DJJUHJDWLRQ RI WKH LQRUJDQLF
RUJDQLFFRPSRVLWHVSHFLHVDUHIRUPHGLQWKHOLTXLGSKDVHRIWKHJHOGXULQJLWVDJHLQJ
7KH UHVXOWV RI WKHUPDO WUDQVIRUPDWLRQ RI SRWDVVLXPH[FKDQJHG ]HROLWH $ KDYH VKRZQ WKDW WKH
FRQWUROOHGKHDWLQJDWR&FDXVHVDSKDVHWUDQVIRUPDWLRQLQIROORZLQJVHTXHQFH1D.]HROLWH$
DPRUSKRXV 1D.DOXPLQRVLOLFDWH  QRQ]HROLWH FU\VWDOOLQHSKDVHV NDOVLOLWH NDOLRSKLOLWH+HUH LW LV
VSHFLDOO\ LQWHUHVWLQJ WKDW LQ FRQWUDVW WR WKH LQWHQVH VWUXFWXUDO FKDQJHV WKH SDUWLFXODWH SURSHUWLHV
SDUWLFOHVKDSHSDUWLFOHVL]HSDUWLFOHVL]HGLVWULEXWLRQVSHFLILFQXPEHURIFU\VWDOVDQGVSHFLILFVXUIDFH




XQGHU WKH HTXLOLEULXP FRQGLWLRQV RI WKH LRQLF H[FKDQJH  EHWZHHQ VRGLXP LRQV IURP ]HROLWH $ DQG
FDGPLXPLRQV IURPVROXWLRQVDWGLIIHUHQW WHPSHUDWXUHVVWDQGDUG IUHHHQHUJ\VWDQGDUGHQWKDOS\DQG
VWDQGDUG HQWURS\ RI WKH H[FKDQJH SURFHVV ZHUH FDOFXODWHG 2Q WKH EDVLV RI WKHUPRG\QDPLF GDWD














,VWUDåLYDQMD VX XVPMHUHQD QD VWMHFDQMH QRYLK VSR]QDMD R XYMHWLPD QDVWDMDQMD WHUPRGLQDPLþNL
QHVWDELOQLK L VWDELOQLK þYUVWLK ID]D X SUH]DVLüHQLP HOHNWUROLWQLP RWRSLQDPD R QMLKRYRM LQWHUDNFLML VD
VWUDQLPLRQLPDLPROHNXODPDWHRNLQHWLNDPDLPHKDQL]PLPDSURFHVDNRMLXWRPHVXGMHOXMX6WHþHQR
]QDQMH PRåH SRVOXåLWL NDR GREUD SRGORJD ]D UMHªDYDQMH FLMHORJ QL]D SUREOHPD NRML VH MDYOMDMX SUL
WDORåHQMXXSULURGQLPVXVWDYLPDWDORåHQMHXSULURGQLPYRGDPDQRUPDOQD LSDWRORªNDPLQHUDOL]DFLMD
LWGLLQGXVWULMVNLPSRVWXSFLPDLQGXVWULMVNDNULVWDOL]DFLMDQHåHOMHQRWDORåHQMHLWG8VYUKXSRVWL]DQMD
WLK FLOMHYD SURJUDP LVWUDåLYDQMD REXKYDüD D XWYU LYDQMH UDYQRWHåQLK XYMHWD X VXVWDYLPD
þYUVWRWHNXüH E SURXþDYDQMH NLQHWLNH L PHKDQL]DPD QXNOHDFLMH UDVWD RWDSDQMD WUDQVIRUPDFLMH L
VHSDUDFLMH UD]OLþLWLK þYUVWLK ID]D SULPMHQRP QL]D IL]LþNRNHPLMVNLK PHWRGD L WHKQLND F L]UDGX

PDWHPDWLþNLK PRGHOD NRML SULND]XMX X]DMDPQX RYLVQRVW VSRPHQXWLK SURFHVD G RGUH LYDQMH
WHUPRGLQDPLþNLK L NLQHWLþNLK SDUDPHWDUD X UDYQRWHåQLP L GLQDPLþNLP XYMHWLPD WDORåQLK SURFHVD H
NDUDNWHUL]DFLMXþYUVWLKID]DISURXþDYDQMHXWMHFDMDDGLWLYDQDVYRMVWYDWDORJDLQMLKRYXXþLQNRYLWRVWQD
SURFHVHWDORåHQMDJL]XþDYDQMHLQWHUDNFLMHLRQDLPROHNXODVDþYUVWRPID]RPLKSULPMHQXWHNXüLK
PHPEUDQDXVHSDUDFLML LSURþLªüDYDQMXDQRUJDQVNLK L RUJDQVNLKVDVWRMDND L]RWRSLQHXKHWHURJHQRP
VXVWDYXþYUVWRWHNXüH3UHGYL HQMHUDGVPRGHOQLPDQRUJDQVNLPVXVWDYLPDVODERLXPMHUHQRWRSOMLYH
VROL ]DQLPOMLYH X UD]QLP SRGUXþMLPD OMXGVNRJ GMHORYDQMD WH V GYRYDOHQWQLP NDWLRQLPD 0Q &G
3E0J6U%DLGULQHNLPRUJDQVNLPPROHNXODPDNDUERQVNHLDPLQRNLVHOLQHSULL]XþDYDQMX
LQWHUDNFLMD L]PH XUD]OLþLWLKPRGLILNDFLMDþYUVWHID]HVDVWUDQLPLRQLPDLPROHNXODPD8SURWHNORPVX
UD]GREOMX LVWUDåLYDQL L NLQHWLND LPHKDQL]DP WUDQVIRUPDFLMH YDWHULWD X NDOFLW X YRGHQLP RWRSLQDPD
NDOFLMHYD NDUERQDWD SUL UD]OLþLWLP WHPSHUDWXUDPD L LRQVNLP MDNRVWLPD D HNVSHULPHQWDOQL VX UH]XOWDWL
SRWNULMHSOMHQL PDWHPDWLþNLP PRGHORP WHPHOMHQLP QD SDUDPHWULPD QHRYLVQLPD R HNVSHULPHQWDOQLP
SRGDFLPDLLNLQHWLNDWUDQVIRUPDFLMHYDWHULWDLDUDJRQLWDXNDOFLW LQLFLUDQD]DJULMDYDQMHPþYUVWHID]HL
SULPMHQRPGLIHUHQFLMDOQHVNHQLUDMXüHNDORULPHWULMH LLL XJUDGQMD0Q&X&G3E0J6U L
%DXVWUXNWXUHYDWHULWDLNDOFLWDWLMHNRPQMLKRYRJDVSRQWDQRJWDORåHQMDL]YRGHQLKRWRSLQDSULþHPX
VX SRMHGLQL NRYLQVNL NDWLRQL WYRUHüL þYUVWH RWRSLQH SRND]DOL UD]OLþLWH XþLQNH QD þYUVWX ID]X LY
VWUXNWXUQLUD]OR]LUD]OLþLWRJSRQDªDQMDEDNURYLK,,NRPSOHNVDVQHNLPDPLQRNLVHOLQDPDLSURQDªOLVPR
XYMHWH X NRMLPD MH PRJXüH VWDELOL]LUDWL SRMHGLQL WLS NRRUGLQDFLMVNH VIHUH EDNUD,, ªWR MH MHGDQ RG
SUHGXYMHWDXLVWUDåLYDQMXXJUDGQMHEDNURYRJLRQDXREOLNXNRPSOHNVDXYDWHULWYVHOHNWLYQRRWDSDQMH
EDNURYDRNVDODWDXVXVSHQ]LMLWULMXUD]OLþLWLKRNVDODWDVOLþQLKWRSOMLYRVWLSULPMHQRPWHNXüLKPHPEUDQDV
XJUD HQLP QRVDþHP ]D EDNURY LRQ WH SUHGORåLOL PDWHPDWLþNL PRGHO SHUPHDFLMH EDNURYD LRQD NUR]
PHPEUDQXYL8WMHFDMPRNUDüQHNLVHOLQHQDVDVWDYWDORJDLPRUIRORJLMXQDVWDOLKNULVWDODSULWDORåHQMX
NDOFLMHYD RNVDODWD L IRVIDWD X XYMHWLPD NRML SRGUDåDYDMX RQH X PRNUDüL WH YLL SUHGORåLOL VPR




WKHUPRG\QDPLFDOO\ PHWDVWDEOH DQG VWDEOH VROLG SKDVHV IURP HOHFWURO\WH VROXWLRQV WKH LQWHUDFWLRQV
EHWZHHQ  WKH VROLG SKDVHPRGLILFDWLRQV DQG IRUHLJQ LRQV DQG PROHFXOHV DQG WKH NLQHWLFV DQG
PHFKDQLVPV RI WKH SURFHVVHV LQYROYHG 7KH DFFRPSOLVKPHQWV PD\ VHUYH DV D IRXQGDWLRQ IRU WKH
VROXWLRQV WR D ZLGH UDQJH RI SUREOHPV WKDW LQYROYH SUHFLSLWDWLRQ SURFHVVHV LQ QDWXUDO V\VWHPV






LQWHUGHSHQGHQFHRI WKHVHSURFHVVHV GGHWHUPLQDWLRQRI WKHUPRG\QDPLFDQGNLQHWLFSDUDPHWHUVDW









7KHNLQHWLFVDQG WKHPHFKDQLVPRI YDWHULWHWRFDOFLWH WUDQVIRUPDWLRQ LQ FDOFLXPFDUERQDWHDTXHRXV
VROXWLRQVDWGLIIHUHQWWHPSHUDWXUHVDQGLRQLFVWUHQJWKVDQGWKHH[SHULPHQWDOUHVXOWVZHUHFRUURERUDWHG








R[DODWH IURP D PL[WXUH RI WKUHH GLIIHUHQW R[DODWHV RI VLPLODU VROXELOLW\ E\ XVLQJ OLTXLG PHPEUDQHV
FRQWDLQLQJ D FDUULHU VXLWDEOH IRU FRSSHU LRQ WUDQVSRUW DQG D PDWKHPDWLFDO PRGHO RI WKH FRSSHU
SHUPHDWLRQ WKURXJK WKH PHPEUDQH KDYH EHHQ SURSRVHG YL 7KH LQIOXHQFH RI XULF DFLG RQ WKH

FRPSRVLWLRQ DQG PRUSKRORJ\ RI WKH FU\VWDOV IRUPHG GXULQJ SUHFLSLWDWLRQ RI FDOFLXP R[DODWHV DQG
SKRVSKDWHVXQGHUFRQGLWLRQV LPLWDWLQJ WKRVH LQXULQHDQGYLL7KHFDORULPHWULFPHWKRGDVD WRRO IRU






















,VWUDåLYDQMD X VNORSX WHPH6LQWH]D LPLNURVWUXNWXUDPHWDOQLK RNVLGD L RNVLGQLK VWDNDOD GRYHOD VX GR
QRYLK IXQGDPHQWDOQLK VSR]QDMD R QDVWDMDQMX PHWDOQLK RNVLGD QMLKRYLP VWUXNWXUDPD WH NHPLMVNLP L








    PRO  a)H2 X &U2 0|VVEDXHURYL VSHNWUL LQWHUSUHWLUDQL VX X VPLVOX HOHNWURQVNRJD





=U2 X VXVWDYX =U[)H[2[ [  0LNURVWUXNWXUD GHQWDOQLK VWDNORNHUDPLND OHXFLWQRJ REOLND
LVWUDåLYDQD MH SULPMHQRP UHQWJHQVNHDQDOL]H )7,5  L 5DPDQ VSHNWURVNRSLMH SUHWUDåQH HOHNWURQVNH




þHVWLþQD DQDOL]D 7L2 SULPMHQRP UHQWJHQVNH GLIUDNFLMH YLVRNRUH]ROXFLMVNH HOHNWURQVNH PLNURVNRSLMH
UDVSUªHQMDUHQWJHQVNLK]UDNDSULPDORPNXWXLQLVNRIUHNYHQFLMVNH5DPDQVSHNWURVNRSLMH=DNOMXþHQRMH
GDVHPHWRGDQLVNRIUHNYHQFLMVNHODVHU5DPDQRYHVSHNWURVNRSLMHPRåHSRUHG7L2RSüHQLWRSULPLMHQLWL




VX DFLNXODUQH RNVLKLGURNVLGQH þHVWLFH SRJRGQH ]D VLQWH]XPDJQHWVNRJ RNVLGD NRML VH SULPMHQMXMH X
XUH DMLPD ]D PDJQHWVNR ]DSLVLYDQMH SRGDWDND 3URXþDYDQ MH XWMHFDM NDUERQDWD QD SURFHV NRUR]LMH
þHOLNDXYRGRYRGQRM LPLQHUDOQRMYRGL8YHGHQD MHPHWRGD5LHWYHOGDX UMHªDYDQMXNULVWDOQHVWUXNWXUH





JODVVHV· D QHZ IXQGDPHQWDO NQRZOHGJH DERXW WKH IRUPDWLRQ RI PHWDO R[LGHV DQG WKHLU VWUXFWXUDO
FKHPLFDODQGSK\VLFDOSURSHUWLHVKDVEHHQDFKLHYHG$PRUSKRXVSUHFXUVRUVRIPDJQHWLFR[LGHVRIWKH







RI )H LRQV ZKLFK FDXVHV WKH VXSHUSDUDPDJQHWLF HIIHFW 2SWLFDO VSHFWUD ZHUH H[SODLQHG DV D
FRQVHTXHQFHRIWKHFKDUJHWUDQVIHUIURPPHWDO WRPHWDO&U)H0LFURVWUXFWXUHRIGHQWDOJODVV
FHUDPLFV RI OHXFLWHW\SHZDV LQYHVWLJDWHG E\;5’ )7,55DPDQ 6(0 DQG (’$; )RU QDQRVL]HG
7L2 SDUWLFOHVDQ LPSRUWDQWDSSOLFDWLRQDV SKRWRDQRGH LQ D QHZ JHQHUDWLRQ RI VRODU FHOOV KDV EHHQ
IRXQG 7KH 5X/m1&5X &1ES\ G\H ZDV DGVRUEHG RQ QDQRVL]HG 7L2 SDUWLFOHV :H
GHYHORSHG DQ RULJLQDO PHWKRG RI WKH SUHSDUDWLRQ RI QDQRVL]HG 7L2 SDUWLFOHV  WR  QP ZKLFK
VKRZHG JRRG EHKDYLRXU LQ DERYHPHQWLRQHG VRODU FHOOV $ QHZ PHWKRG RI WKH SDUWLFOH VL]H
GHWHUPLQDWLRQEDVHGRQ ORZIUHTXHQF\5DPDQVFDWWHULQJKDVEHHQGHYHORSHG’LIIHUHQWLDOVFDQQLQJ
FDORULPHWU\ZDVXVHG WRPRQLWRU WKHNLQHWLFVRIK\GURWKHUPDOFU\VWDOOLVDWLRQRI=U2 IURPDPRUSKRXV
]LUFRQLXPK\GUR[LGH7KHIRUPDWLRQRI)H,,,R[\K\GUR[LGHVDQGR[LGHVE\K\GURO\VLVRI)H LRQVLQ
WKHSUHVHQFHRIXURWURSLQXUHDDQG70$+ZDVDOVRLQYHVWLJDWHG$VWURQJLQIOXHQFHRIFDUERQDWHLRQV


















,]ERU VXVWDYD X NRMLPD VH SURPDWUDMX IL]LþNRNHPLMVNL XþLQFL LRQL]LUDMXüLK ]UDþHQMD RGUH HQ MH
]DQLPDQMHP]D UD]QH YLGRYHPH XGMHORYDQMD ]UDþHQMD L WYDUL X WLP VXVWDYLPD ,VWUDåLYDQMH SULURGH L
VXGELQH UHDNWLYQLK NUDWNRåLYHüLK þHVWLFD QDVWDOLK UDGLROL]RP HOHNWURQD SR]LWLYQLK LRQD X]EX HQLK
PROHNXOD L VORERGQLK UDGLNDOD VSDGD X WHPHOMQD LVWUDåLYDQMD PH XGMHORYDQMD ]UDþHQMD L WYDUL 7D
LVWUDåLYDQMD SURYRGH VH X MHGQRVWDYQLP WHNXüLP LOL NUXWLP VXVWDYLPD )L]LþNRNHPLMVNL XþLQFL

LRQL]LUDMXüLK]UDþHQMDPRJXVHLVNRULVWLWL]DPMHUHQMHHQHUJLMH]UDþHQMDDSVRUELUDQHXQHNRPVXVWDYX
NRML WLPH SRVWDMH GR]LPHWULMVNL VXVWDY 3ULPMHUHQR UDVSRQX PMHUHQLK GR]D ]UDþHQMD SUHGPHW
LVWUDåLYDQMDVXGR]LPHWULMVNLVXVWDYLNRMLVH]DVQLYDMXQDSRMDYLWHUPROXPLQLVFHQFLMHXNUXWLPWYDULPDLOL
QD WUDMQLP NHPLMVNLP SURPMHQDPD X RWRSLQDPD 5D]YRM L NDUDNWHUL]DFLMD GR]LPHWULMVNLK VXVWDYD ]D
PMHUHQMHGR]DX UDVSRQXRG UHGRYDYHOLþLQH WDNR HUVXSUHGPHWRYH WHPH3UHGPHW LVWUDåLYDQMD
WDNR HU MH L]D]LYDQMH RGUH HQLK ELRORªNL UHOHYDQWQLK NHPLMVNLK SURPMHQD X MHGQRVWDYQLP PRGHOQLP
VXVWDYLPD 7DNR VH SRG NRQWUROLUDQLP XYMHWLPD SRNXªDYDMX RSRQDªDWL SULURGQL SURFHVL X NRMLPD
VXGMHOXMX UHDNWLYQH NUDWNRåLYHüH þHVWLFH QSU RNVLGDFLMD ELRORªNLKPROHNXODPHKDQL]PRP VORERGQLK
UDGLNDOD SULMHQRV HOHNWURQD LWG 7HKQRORªNH SULPMHQH ]UDþHQMD WHPHOMH VH QD ELRFLGQRPXþLQNX NRML
LRQL]LUDMXüH ]UDþHQMH LPD QD PLNURRUJDQL]PH NRQWDPLQDQWH QD IDUPDFHXWVNLP L PHGLFLQVNLP
PDWHULMDOLPDLQDPLUQLFDPD’RNMHELRORªNLXþLQDNR]UDþHQMDGUDVWLþDQIL]LþNRNHPLMVNLXþLQDNþHVWRMH
MHGYD ]DPMHWOMLY ,]D]RY ]D UDGLMDFLMVNX NHPLMX MHVW LGHQWLILFLUDWL L SRNXªDWL NYDQWLILFLUDWL WH IL]LþNR
NHPLMVNHXþLQNHªWRMHWDNR HUSUHGPHWLVWUDåLYDQMDWHPH
0MHUHQ MH SULQRV LRQL]DFLMH X QHSRODUQLP WHNXüLQDPD L NRQNXUHQFLMD L]PH X WHUPDOL]DFLMH HOHNWURQD L
QMHJRYD]DKYDWDPROHNXORPNORUEHQ]HQDXWLPVUHGLQDPD’RELYHQDMHRYLVQRVWXGDUQRJSUHVMHND]D
]DKYDWQDGWHUPDOQRJHOHNWURQDNORUEHQ]HQRPXIXQNFLMLHQHUJLMHHOHNWURQD




6 SRPRüX SRVHEQR NRQVWUXLUDQRJ XUH DMD ]D LVSUHNLGDQR R]UDþLYDQMH PMHUHQR MH YULMHPH åLYRWD
ODQþDQH SHURNVLGDFLMH 3UYL VX SXW V SRPRüX RYH PHWRGH LQLFLMDFLMH L]PMHUHQH QH]DYLVQR MHGQD RG
GUXJH SRMHGLQDþQD NRQVWDQWD EU]LQH WHUPLQDFLMH L NRQVWDQWD EU]LQH SURSDJDFLMH X KRPRORJQRP QL]X
QH]DVLüHQLKPDVQLKNLVHOLQD
$SVROXWQHYULMHGQRVWLNRQVWDQWLEU]LQD]DSUYLVWXSDQMGYRVWXSDQMVNHUHDNFLMHUHGXNFLMHKLGURSHURNVLGD
LRQRP )HPMHUHQH VX SR SUYL SXW V KLGURSHURNVLGLPD QH]DVLüHQLK PDVQLK NLVHOLQD ’UXJL VWXSDQM
UHDNFLMDDONRNVLOUDGLNDODVLRQRP)HPMHUHQMHVSRPRüXODVHUVNHLPSXOVQHIRWROL]H
,VWUDåLYDQL VX RG]LYL UD]QLK GR]LPHWULMVNLK VXVWDYD X UD]OLþLWLP XYMHWLPD R]UDþLYDQMD JOHGH YUVWH
HQHUJLMVNRJVSHNWUD/(7D LRSVHJDGR]DQHNROLNRYUVWD WHUPROXPLQLVFHQWQLKGR]LPHWDUDNHPLMVNLK
GR]LPHWDUDQDRVQRYL NORUEHQ]HQD L GR]LPHWULMVNLK LQGLNDWRUD’RELYHQL VX UH]XOWDWL NRML SUHGVWDYOMDMX
]QDþDMQDSURªLUHQMDPRJXüQRVWLPHWURORªNLKSULPMHQDRYLKGR]LPHWULMVNLKVXVWDYDXSUDNVL]DªWLWHRG
]UDþHQMD WH PHGLFLQVNLK L LQGXVWULMVNLK SULPMHQD ]UDþHQMD 3UHFL]QLP GR]LPHWULMVNLP PMHUHQMLPD










EHXVHGIRU WKHPHDVXUHPHQWVRI WKHUDGLDWLRQHQHUJ\DEVRUEHG LQDV\VWHPZKLFK LV WKHQFDOOHGD
GRVLPHWU\ V\VWHP $FFRUGLQJ WR WKH UDQJH RI WKH GRVHV PHDVXUHG WKH VXEMHFWV RI WKH SURMHFW DUH





PLPLFNHG XQGHU FRQWUROOHG FRQGLWLRQV HJ R[LGDWLRQ RI ELRORJLFDO PROHFXOHV E\ IUHH UDGLFDO
PHFKDQLVPHOHFWURQWUDQVIHUHWF7HFKQRORJLFDODSSOLFDWLRQVRILUUDGLDWLRQDUHEDVHGRQWKHELRFLGDO
HIIHFWRI LRQLVLQJUDGLDWLRQXSRQPLFURRUJDQLVPVZKLFKKDSSHQ WREHFRQWDPLQDWLQJSKDUPDFHXWLFDO
DQGPHGLFDOPDWHULDOV DQG IRRGV:KLOH WKH ELRORJLFDO HIIHFW RI LUUDGLDWLRQ LV GUDPDWLF WKH SK\VLFR
FKHPLFDO HIIHFW LV RIWHQ KDUGO\ QRWLFHDEOH ,W LV D FKDOOHQJH IRU UDGLDWLRQ FKHPLVWU\ WR LGHQWLI\ DQG
TXDQWLI\WKHVHSK\VLFRFKHPLFDOHIIHFWVZKLFKLVDOVRWKHVXEMHFWRIWKLVSURMHFW

,RQLVDWLRQ \LHOG DQG FRPSHWLWLRQ EHWZHHQ HOHFWURQ WKHUPDOLVDWLRQ DQG LWV FDSWXUH E\ FKORUREHQ]HQH
PROHFXOH ZHUH PHDVXUHG LQ QRQSRODU OLTXLGV 7KH GHSHQGHQFH RI WKH FDSWXUH FURVVVHFWLRQ E\
FKORUREHQ]HQHRQHOHFWURQHQHUJ\KDVEHHQREWDLQHG
7KH UHDFWLRQV RI UDGLDWLRQLQGXFHG IUHH UDGLFDOV LQ V\VWHPV RI LQWHUHVW WR ELRPHGLFLQH ZHUH
LQYHVWLJDWHG LQ SDUWLFXODU WKH FKDLQ SHUR[LGDWLRQ RI XQVDWXUDWHG IDWW\ DFLGV ’XH WR WKH LQLWLDWLRQ E\
LRQLVLQJ UDGLDWLRQ PROHFXODU SURSHUWLHV RI QHDW FRPSRXQGV IUHH RI WKH VROYHQW DQG DGGHG LQLWLDWRU
LQIOXHQFHVFRXOGEHPHDVXUHGIRUWKHILUVWWLPH




$EVROXWH YDOXHVRI WKH UDWHFRQVWDQWV IRU WKH ILUVWVWHS LQD WZRVWHS UHGXFWLRQRIK\GURSHUR[LGHV E\
IHUURXV LRQ ZHUH PHDVXUHG IRU WKH ILUVW WLPH ZLWK K\GURSHUR[LGHV RI XQVDWXUDWHG IDWW\ DFLGV 7KH
VHFRQGVWHSWKHUHDFWLRQRIDONR[\OUDGLFDOZLWKIHUURXVLRQZDVPHDVXUHGE\ODVHUIODVKSKRWRO\VLV
7KHUHVSRQVHVRIYDULRXVGRVLPHWU\V\VWHPVXQGHUYDU\LQJ LUUDGLDWLRQFRQGLWLRQVUHJDUGLQJ WKH W\SH
HQHUJ\ VSHFWUXP /(7 DQG GRVH UDQJH ZHUH LQYHVWLJDWHG VHYHUDO W\SHV RI WKHUPROXPLQLVFHQW
GRVLPHWHUV FKHPLFDO GRVLPHWHUV EDVHG RQ FKORUREHQ]HQH DQG GRVLPHWULF LQGLFDWRUV 7KH REWDLQHG
UHVXOWV UHSUHVHQW VLJQLILFDQW H[WHQVLRQV RI WKH PHWURORJLFDO SRWHQWLDO RI WKH LQYHVWLJDWHG GRVLPHWU\
V\VWHPVLQUDGLDWLRQSURWHFWLRQSUDFWLFHDVZHOODVLQWKHPHGLFDODQGLQGXVWULDOXVHVRIUDGLDWLRQ%\
SUHFLVHGRVLPHWULFPHDVXUHPHQWVRI WKHGHJUDGHG &RVSHFWUXPVHYHUDO IRUPXODWLRQVRI WKH FDYLW\















5HDNFLMH UDGLMDFLMVNRJ PRGLILFLUDQMD SROLPHUD SUHWHåQR VH RGYLMDMX X KHWHURJHQLP VXVWDYLPD SD
PHKDQL]DP SURFHVD X] NHPLMVNH UHDNFLMH RGUH XMX VWUXNWXUQH L ID]QH SURPMHQH X VXVWDYX WLMHNRP
UHDNFLMH 6 WRJD FLOM LVWUDåLYDQMD MHVW QD PRGHOQRP VXVWDYX XPUHåLYDQMD QH]DVLüHQLK SROLHVWHUVNLK
VPRODVWHüLQRYDVD]QDQMDRXOR]LNHPLMVNLKLVWUXNWXUQLKIDNWRUDXSURFHVX3UHWSRVWDYOMDPRGDVHWR
PRåH SRVWLüL NRPELQDFLMRPPHWRGH HOHNWULþQH YRGOMLYRVWL L NDORULPHWULMH NRMH VX UD]YLMHQH X QDªHP
ODERUDWRULMXWHPHWRGRPVSHNWURIRWRPHWULMHXEOLVNRPLQIUDFUYHQRPSRGUXþMXNRMDWUHEDGDWLSRGDWNHR
SULURGL SULMHOD]D WHNXüHWHNXüH NRMH VPR XRþLOL X QH]DVLüHQLPD SROLHVWHUVNLP VPRODPD X
WHPSHUDWXUQRP SRGUXþMX L]QDG VWDNODVWRJ SULMHOD]D 8 OLWHUDWXUL MRª SRVWRMH QHGRXPLFH R SULURGL
SULMHOD]D WHNXüHWHNXüH QDªL UH]XOWDWL VWRJD SUHGVWDYOMDMX IXQGDPHQWDOQL GRSULQRV 7UHED UD]MDVQLWL
XWMHFDM SULMHOD]D WHNXüHWHNXüH QD UHDNFLMX XPUHåLYDQMD ,VWUDåLYDW üH VH NDNR SURPMHQD VWUXNWXUH
SROLPHUD WDNR L SURPMHQD VDVWDYD SROLPHUQLK PMHªDYLQD WH PRGLILFLUDQMH LRQL]LUDMXüLP ]UDþHQMHP
XWMHþXQDVYRMVWYDSROLPHUD
5DGLMDFLMVNL L WHUPLþNL LQLFLUDQR XPUHåLYDQMH QH]DVLüHQLK SROLHVWHUVNLK VPROD VWLUHQRP SUDüHQR MH
PMHUHQMHPSURPMHQHHOHNWULþQHYRGOMLYRVWLWLMHNRPSURFHVD2GUH LYDQMHPVDGUåDMDJHODLNRQFHQWUDFLMH

VWLUHQD SRND]DOR MH GD MH SURPMHQDHOHNWULþQH YRGOMLYRVWL L]UDYQR SRYH]DQD V UHDNFLMRP XPUHåLYDQMD
2SDåHQMHLREMDªQMHQXWMHFDMHOHNWULþQRJSROMDLEU]LQHGR]HQDEU]LQXUHDNFLMHXPUHåLYDQMD2UMHQWDFLMD
SRODUQLK ODQDFD SRG XWMHFDMHP HOHNWULþQRJ SROMD PRåH SRJRGRYDWL UHDNFLML XPUHåLYDQMD 0RJXüQRVW
WHUPLQDFLMHSULPDUQLPUDGLNDOLPDPRåHVPDQMLWLXþLQNRYLWRVWXPUHåLYDQMD3RND]DOLVPRGDQDUHDNFLMX
XPUHåLYDQMD ]QDþDMDQ XWMHFDM PRåH LPDWL SULMHOD] WHNXüHWHNXüH NRML MH RSDåHQ X WHPSHUDWXUQRP
SRGUXþMXXNRMHPXVHRGYLMDUHDNFLMD,VWUDåLYDQMHSULURGHWRJSULMHOD]DMHXWRNX
5DGLMDFLMVNLPPRGLILFLUDQMHP SULURGQH JXPH SULSUHPOMHQH VX ELPRGDOQH PUHåH V FLOMHP SREROMªDQMD
QMH]LQLKVYRMVWDYD
6WXGLUDQH VX VWUXNWXUQH WUDQVIRUPDFLMH DPRUIQLK L PH]RPRUIQLK SROLPHUQLK VXVWDYD ,VWUDåLYDQD MH
WHQGHQFLMDPH]RPRUIQRJDVWUXNWXUQRJVUH LYDQMD KRPRSROLPHUD L DOWHUQLUDMXüLK NRSROLPHUDQDRVQRYL
1VXSVWLWXLUDQLKPDOHLPLGD8VWDQRYOMHQMHXWMHFDMNDNRERþQLK1VXSVWLWXHQDWDDONLOL IHQLOEHQ]R
NUXQDNROHVWHULOEHQ]RDWNROHVWHULOKHNVDQRDWWDNRLDOWHUQLUDMXüLKMHGLQLFDXJODYQRPODQFXVWLUHQ
a L bPHWLOVWLUHQ WH IHQLOYLQLOHWLOHWHU 6WXGLUDQ MH VWUXNWXUQL L NRPSDWLELOL]DFLMVNL XWMHFDM 6%6 WULEORN
NRSROLPHUD QD PMHªDYLQH SROLSURSLOHQD L SROLVWLUHQD L33D36 V FLOMHP GRELYDQMD PDWHULMDOD V
SREROMªDQLPVYRMVWYLPD







WKHPHFKDQLVP RI WKH SURFHVV FDQ EH GHWHUPLQHG E\ FKHPLFDO UHDFWLYLW\ DQG VWUXFWXUDO DQG SKDVH
WUDQVLWLRQVRIWKHV\VWHPLQWKHFRXUVHRIUHDFWLRQ7KHJRDORIRXULQYHVWLJDWLRQLVWRGHWHUPLQHWKHUROH
RIFKHPLFDODQGVWUXFWXUDOIDFWRUVLQFURVVOLQNLQJRIXQVDWXUDWHGSRO\HVWHUUHVLQVDVDPRGHOV\VWHP$
FRPELQDWLRQ RI GLIIHUHQW UHVHDUFK PHWKRGV ZDV DSSOLHG ,Q RXU ODERUDWRU\ WKH PHWKRG RI HOHFWULFDO
FRQGXFWLYLW\DQGFDORULPHWULFPHWKRGZHUHGHYHORSHG7KHVHPHWKRGVZRXOGKHOSIROORZLQJWKHFRXUVH
RI FURVVOLQNLQJDQG1,5VSHFWURSKRWRPHWU\ZDVDSSOLHG LQ RUGHU WR LQYHVWLJDWH WKHQDWXUH RI OLTXLG
OLTXLG WUDQVLWLRQ REVHUYHG LQ XQVDWXUDWHG SRO\HVWHU UHVLQV LQ LQYHVWLJDWHG WHPSHUDWXUH UDQJH :H
H[SHFW WKDW RXU UHVXOWV PD\ HVVHQWLDOO\ FRQWULEXWH WR WKH HOXFLGDWLRQ RI FRQWURYHUV\ LQ OLWHUDWXUH
FRQFHUQLQJ WKH UROH RI OLTXLGOLTXLG WUDQVLWLRQV ,W LV H[SHFWHG WKDW WKH SRVVLEOH HIIHFW RI OLTXLGOLTXLG
WUDQVLWLRQRQFURVVOLQNLQJUHDFWLRQFRXOGEHH[SODLQHG7KHHIIHFWVRISRO\PHUVWUXFWXUHFRPSRVLWLRQ
RI SRO\PHU EOHQGV DQG HIIHFW RI PRGLILFDWLRQ E\ LRQLVLQJ UDGLDWLRQ RQ SRO\PHU SURSHUWLHV DUH
LQYHVWLJDWHG
5DGLDWLRQDQGWKHUPDOO\LQGXFHGFURVVOLQNLQJRIXQVDWXUDWHGSRO\HVWHUUHVLQZLWKVW\UHQHZDVIROORZHG
E\ PHDVXUHPHQWV RI ’& HOHFWULFDO FRQGXFWLYLW\ GXULQJ UHDFWLRQ 7KH GHWHUPLQDWLRQ RI JHO DQG IUHH
VW\UHQH FRQWHQWV VKRZHG WKDW WKH HOHFWULFDO FRQGXFWLYLW\ FKDQJH LV GLUHFWO\ UHODWHG WR WKH H[WHQW RI
FURVVOLQNLQJ7KHHIIHFWVRIHOHFWULFDOILHOGDQGGRVHUDWHRQWKHFURVVOLQNLQJUDWHZHUHREVHUYHGDQG







6WUXFWXUDO WUDQVIRUPDWLRQV RI DPRUSKRXV DQG PHVRPRUSKRXV SRO\PHU V\VWHPV KDYH EHHQ VWXGLHG
7KHWHQGHQFLHVRIPHVRPRUSKRXVVWUXFWXUDORUGHULQJRIKRPRSRO\PHUVDQGDOWHUQDWLQJFRSRO\PHUVRQ
WKH EDVLV RI 1VXEVWLWXWHG PDOHLPLGHV KDYH EHHQ LQYHVWLJDWHG 7KH HIIHFWV RI VLGH 1VXEVWLWXHQWV
DON\OV SKHQ\O EHQ]RFURZQ FKROHVWHU\OEHQ]RDWH FKROHVWHU\OKH[DQRDWH DV ZHOO DV WKRVH RI
DOWHUQDWLQJ XQLWV LQ PDLQ FKDLQ VW\UHQ a DQG bPHWK\OVW\UHQH SKHQ\OYLQ\O HWK\O DHWKHU RQ WKH
PHVRPRUSKRXVRUGHULQJ KDYHEHHQ IRXQG6WUXFWXUDO DQG FRPSDWLELOLVLQJ LQIOXHQFHVRI6%6 WULEORFN
FRSRO\PHURQSRO\SURS\OHQHSRO\VW\UHQHL33D36EOHQGVKDYHEHHQVWXGLHGDVZHOO
7KH SUREOHP RI YDU\LQJ TXDOLW\ RI 39& EDVHG SUHVVXUH VHQVLWLYH DGKHVLYHV   SURGXFHG E\ 6LSUR
8PDJZDVLQYHVWLJDWHG7KHLPSRUWDQWUROHVRIDVVRFLDWLRQRIFDUER[\OLFJURXSVLQDELHWLFDFLGDQGRI


















PMHUHQMD L WHUPLþNH PHWRGH NDR 7*$ ’7$ 76’& LWG 6LQWHWL]LUDQL VX LQWHUPHWDOQL VSRMHYL RSüHJ
VDVWDYD5(1L[$O[ 5( ULMHWND]HPOMD L WUHWLUDQLYRGLNRPX WHPSHUDWXUQRPSRGUXþMX.. L
SRGUXþMX WODNRYDGR N3D 9HüLQD WURNRPSRQHQWQLK LQWHUPHWDOLND UHDJLUD UHYHU]LELOQR V YRGLNRP
7HUPRGLQDPLþNHNDUDNWHULVWLNHVXVWDYDPHWDOYRGLNRGUH HQHVXL]GHVRUSFLMVNLKL]RWHUPLWODNVDVWDY
,VWUDåLYDQDMHYLVRNRWHPSHUDWXUQDRNVLGDFLMDXVXVWDYX=U&U1D HQRMHDQRPDOQRVPDQMLYDQMDEU]LQH
UHDNFLMH X WHPSHUDWXUQRP UDVSRQX  .   .0HWDOQL RNVLGL QD ED]L 7L2 NDUDNWHUL]LUDQL VX





WKHUPDO PHWKRGV VXFK DV 7*$ ’7$ 7’6& HWF ,QWHUPHWDOOLF FRPSRXQGV RI D JHQHUDO 5(1L[$O[
5( UDUHHDUWKFRPSRVLWLRQZHUHSUHSDUHGDQGWUHDWHGZLWKK\GURJHQLQWKHWHPSHUDWXUHUDQJHRI
.WR.DQGXQGHUSUHVVXUHVXSWRN3D0RVWRI WKHVH WHUQDU\ LQWHUPHWDOOLFV UHDFW UHYHUVLEO\
ZLWK K\GURJHQ 7KHUPRG\QDPLF IHDWXUHV RI WKH PHWDOK\GURJHQ V\VWHP ZHUH H[WUDFWHG IURP WKH
SUHVVXUHFRPSRVLWLRQGHVRUSWLRQLVRWKHUPV7KHKLJKWHPSHUDWXUHR[LGDWLRQ LQ WKH=U&UV\VWHPZDV
DOVRVWXGLHG,QWKHWHPSHUDWXUHUDQJHRI.WR.DQDQRPDORXVGHFUHDVHIRUWKHUHDFWLRQ
UDWH KDV EHHQ IRXQG 7KH 7L2EDVHG R[LGHV KDYH EHHQ FKDUDFWHULVHG E\ WKHUPDO PHWKRGV 7KH
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XUHHQDKLGUROL]X LRQD)H X YRGHQLPRWRSLQDPD
SULSRYLªHQRMWHPSHUDWXULSRVWHU
 0LKDOMHYLü % 0HGYHG5RJLQD % 5DåHP ’
0MHUHQMH EU]LQH UHDNFLMH DONRNVLO UDGLNDOD V )H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FROL (Q]LP 5HF%&’ VXGMHOXMH X KRPRORJQRM JHQHWLþNRM UHNRPELQDFLML SRSUDYNX ’1$ RþXYDQMX
YLMDELOQRVWLVWDQLFDLVWDELOQRVWLSOD]PLGD3UHPDSUHGORåHQRPSODQXHNVSHULPHQWDOQRJUDGDLVWUDåLYDOL
VPRNDNRQHNLYLUXVQLLVWDQLþQLSURWHLQLPRGXOLUDMXDNWLYQRVW5HF%&’HQ]LPD1DªOLVPRGDQDVXSURW
XYULMHåHQRP PLªOMHQMX ODPEGD *DP SURWHLQ QH LQKLELUD YHü VDPR PLMHQMD NDWDOLWLþND VYRMVWYD WRJ
HQ]LPD 5H]XOWDW WRJD MHVW LQKLELFLMD UHVWULNWLYQH DNWLYQRVWL HQ]LPD (FR., 1DGDOMH X SUHOLPLQDUQLP
HNVSHULPHQWLPD NDUDNWHUL]LUDOL VPR L QRYL EDNWHULMVNL JHQ þLML SURGXNW RPRJXüXMH LQWHUDNFLMX HQ]LPD
5HF%&’VYUXüLPPMHVWRP]DUHNRPELQDFLMXW]Y&KLPMHVWR
5HVHDUFKSURJUDPPHDQGUHVXOWV
:HKDYH VWXGLHG WKH UROH RI5HF%&’HQ]\PH LQ WKHPHWDEROLVP RI(VFKHULFKLD FROL 7KH5HF%&’
HQ]\PHSDUWLFLSDWHV LQKRPRORJRXVUHFRPELQDWLRQ’1$UHSDLUFHOO YLDELOLW\DQGPDLQWHQDQFHRI WKH
SODVPLG’1$LQWKHEDFWHULDOF\WRSODVP,QRXUH[SHULPHQWVZHLQYHVWLJDWHGWKHHIIHFWRIFHUWDLQYLUDO
DQGFHOOXODUSURWHLQVRQWKHDFWLYLW\RI WKLVHQ]\PH ,QFRQWUDVW WR WKHFXUUHQW WKHRU\ZHKDYH IRXQG
WKDW WKH*DPSURWHLQ IURP WKH SKDJH ODPEGD LV QRW D SXUH LQKLELWRU RI WKH5HF%&’ HQ]\PH EXW
UDWKHULWRQO\PRGXODWHVLWVDFWLYLWLHV$VDUHVXOWRIWKHLQWHUDFWLRQRIWKH*DPSURWHLQDQGWKH5HF%&’
HQ]\PHWKHUHVWULFWLRQDFWLYLW\RIWKH(FR.,HQGRQXFOHDVHLVLQKLELWHG,QRXUSUHOLPLQDU\H[SHULPHQWV

















*HQHWLNDPROHNXODUQL PHKDQL]PL L ELRORªNL XþLQFL UHNRPELQDFLMH ’1$ L UHNRPELQDFLMVNRJ SRSUDYND
’1$SURXþDYDMXVHQDHNVSHULPHQWDOQLPPRGHOLPDNRMLVHVDVWRMHRGVWDQLFD(FROLIDJDLSOD]PLGD
3R]RUQRVW VH SRVYHüXMH SURFHVLPD NRML VPDQMXMX XþHVWDORVW UHNRPELQDFLMH L GMHORWYRUQRVW
UHNRPELQDFLMVNRJ SRSUDYND 7DNYD GYD SURFHVD QDªOL VPR X R]UDþHQLP VWDQLFDPD -HGDQ RG QMLK
GRYRGL GRJXELWND VSRVREQRVWL SURIDJD ODPEGDGD VXGMHOXMH X QHNLP YUVWDPD ORNRVSHFLILþQH L RSüH
UHNRPELQDFLMH’UXJLLQKLELWRUQLSURFHVRGJRYRUDQMH]DQHVSRVREQRVWYLªHVWUXNRLQILFLUDQLKVWDQLFDGD
UHDNWLYLUDMX ]UDþHQMHP LQDNWLYLUDQL IDJ ODPEGD SRPRüX MHGQH YUVWH UHNRPELQDFLMVNRJ SRSUDYND










*HQHWLFVPROHFXODUPHFKDQLVPV DQG ELRORJLFDO HIIHFWV RI ’1$ UHFRPELQDWLRQ DQG UHFRPELQDWLRQDO
’1$ UHSDLU KDYH EHHQ VWXGLHG E\ XVLQJ H[SHULPHQWDO PRGHOV FRQVLVWLQJ RI (VFKHULFKLD FROL FHOOV
SKDJHV DQG SODVPLGV $WWHQWLRQ KDV EHHQ SDLG WR WKH SURFHVVHV ZKLFK GLPLQLVK WKH IUHTXHQF\ RI
UHFRPELQDWLRQDQGWKHHIILFLHQF\RIWKHUHFRPELQDWLRQDOUHSDLU:HKDYHIRXQGWZRSURFHVVHVRIWKLV
NLQG LQ LUUDGLDWHG FHOOV 2QH RI WKHP OHDGV WR WKH ORVV RI SURSKDJH ODPEGD DELOLW\ WR SDUWLFLSDWH LQ
FHUWDLQW\SHVRIVLWHVSHFLILFDQGJHQHUDOUHFRPELQDWLRQ7KHRWKHULQKLELWRU\SURFHVVLVUHVSRQVLEOHIRU
WKH LQDELOLW\ RI PXOWLSO\ LQIHFWHG FHOOV WR UHDFWLYDWH UDGLDWLRQLQDFWLYDWHG SKDJH ODPEGD E\ D W\SH RI
UHFRPELQDWLRQDOUHSDLUNQRZQDVPXOWLSOLFLW\UHDFWLYDWLRQ7KHFKDUDFWHULVDWLRQRIWKHVHWZRSURFHVVHV
KDVEHHQDVXEMHFWRIRXULQYHVWLJDWLRQVGXULQJODVW\HDU
%\ JHQHWLF DQDO\VLV ZH KDYH VKRZQ WKDW WKH SURGXFWV RI UXY$ UXY% UXY& DQG UHF* JHQHV DUH
LQYROYHG LQ WKH SURFHVV RFFXUULQJ LQ WKH LUUDGLDWHG FHOOV ZKLFK WKHQ OHDGV WR WKH ORVV RI SURSKDJH
ODPEGD DELOLW\ WR WDNH SDUW LQ VLWHVSHFLILF UHFRPELQDWLRQ :H KDYH DOVR VKRZQ WKDW WKHVH JHQH
SURGXFWV SDUWLFLSDWH LQ PXOWLSOLFLW\ UHDFWLYDWLRQ RI UDGLDWLRQLQDFWLYDWHG SKDJH ODPEGD 8VLQJ IORZ

















,VWUDåLYDQMD QD WHPL XVUHGRWRþHQD VX QD RGJRQHWDYDQMH VWUXNWXUH JHQRPVNH RUJDQL]DFLMH QDþLQD
HNVSUHVLMH L ELRORªNH XORJH ILORJHQHWVNL VDþXYDQLK LLOL LQGXVWULMVNL YDåQLK JHQD NRG EDNWHULMD
6WUHSWRP\FHVULPRVXV L5KL]RELXP OHJXPLQRVDUXP WHPRUVNLKVSXåDYD*HRGLDF\GRQLXP6XEHULWHV
GRPXQFXOD L6\FRQ UDSKDQXV %DNWHULMH6 ULPRVXV SURL]YR Dþ RNVLWHWUDFLNOLQD L5 OHJXPLQRVDUXP
ILNVDWRUGXªLNDL]X]HWQRVXYDåQLPLNURRUJDQL]PLXLQGXVWULMVNRMRGQRVQRDJURQRPVNRMSULPMHQLGRN




VX GHOHFLMH QD 
NUDMX JHQD UHF$ &NUDM SURWHLQD 5HF$ D PXWLUDQL VX JHQL XQHVHQL SUHNR
ELIXQNFLRQDOQRJSOD]PLGQRJYHNWRUDS=*XKRPRORJQRJDLKHWHURORJQRJGRPDüLQD(FROLNDNREL
VHPRJORSURXþDYDWLQMLKRYRELRORªNRGMHORYDQMH’LYOML WLSJHQD UHF$NORQLUDQ MHXHNVSUHVLMVNLYHNWRU
S(7GNRMLMHXEDNWHULML(FROLRPRJXüLRVLQWH]XKHWHURORJQRJSURWHLQD5HF$XNROLþLQLRGSUHNR
PJ5HF$/EDNWHULMVNHVXVSHQ]LMH
=DYUªHQL VX L REMDYOMHQL UH]XOWDWL UHVWULNFLMVNH DQDOL]H JHQD ]D QRGXODFLMX NRG GYD DXWRKWRQD VRMD
EDNWHULMH5 OHJXPLQRVDUXP YUOR XþLQNRYLWLK X VWYDUDQMX NRUMHQRYLK NYUåLFD 8WYU HQR MH GD SRVWRMH
SURPMHQH X ’1$ JODYQH ELIXQNFLMVNH SURPRWRUVNH UHJLMH VPMHªWHQH L]PH X JHQD QRG’ L QRG$ X
QDNXSLQLQRGXODFLMVNLKJHQD
2GUH HQDMHVWUXNWXUDF’1$]DQHUHFHSWRUVNXWLUR]LQNLQD]X7.L]VSXåYH6\FRQUDSKDQXV3URWHLQ
NRGLUDQRYRPF’1$ LPDDPLQRNLVHOLQD L SURUDþXQDWXPROHNXOVNXPDVXRG2YD7.SR
VYRMLPVYRMVWYLPDVSDGDXSRURGLFX)HV)SVSURWHLQDSRVMHGXMH6+GRPHQXLYUORVDþXYDQXNLQD]QX

GRPHQXQD&NUDMX SURWHLQD KRPRORJLMD V NLQD]QRPGRPHQRP OMXGVNLK )HV L )(5 RQNRSURWHLQD MH
SUHNR7.L]VSXåYH6UDSKDQXVMHILORJHQHWVNLQDMVWDULMLSR]QDWLþODQ)HV)SVWLUR]LQNLQD]DNRG
YLªHVWDQLþQLKRUJDQL]DPD
2GUH HQD MH VWUXNWXUD F’1$ ]D SROLXELNYLWLQ L] VSXåDYD 6XEHULWHV GRPXQFXOD L 6\FRQ UDSKDQXV
8ELNYLWLQ  DPLQRNLVHOLQD MHVW QDMVDþXYDQLML SURWHLQ X SULURGL 3ROLXELNYLWLQVNL JHQ NRG VSXåYH 6
GRPXQFXODþLQHþHWLULL]UDYQRSRQRYOMHQDPRQRPHUDGRNLKNRGVSXåYH6UDSKDQXVLPDVHGDP2EMH





ELRORJLFDO UROH RI WKH SK\ORJHQHWLFDOO\ FRQVHUYHG DQGRU LQGXVWULDOO\ LPSRUWDQW JHQHV IURP EDFWHULD
6WUHSWRP\FHV ULPRVXV DQG 5KL]RELXP OHJXPLQRVDUXP DQG PDULQH VSRQJHV *HRGLD F\GRQLXP
6XEHULWHV GRPXQFXOD DQG 6\FRQ UDSKDQXV 6 ULPRVXV R[\WHWUDF\FOLQH SURGXFHU DQG 5




FROL 0XWDQW UHF$ JHQHV ZLWK GHOHWLRQV DW WKH 
HQGV &WHUPLQXV RI WKH 5HF$ SURWHLQ ZHUH
FRQVWUXFWHGDQGLQWURGXFHGYLDELIXQFWLRQDOSODVPLGS=*LQWRKRPRORJRXVDQGKHWHURORJRXVKRVW(
FROL6WXG\RIWKHLUDFWLYLW\LQKRVWRUJDQLVPVLVXQGHUZD\7KHUHF$JHQHIURP6ULPRVXVZDVFORQHG
LQWRDQH[SUHVVLRQYHFWRUS(7GDQGRYHUH[SUHVVHG LQ(FROL \LHOGLQJRYHUPJRI WKH5HF$/
EDFWHULDOVXVSHQVLRQ
1RGXODWLRQJHQHV LQ WZRDXWRFKWKRQRXVVWUDLQV RI5 OHJXPLQRVDUXP YHU\ HIILFLHQW LQ KRVW LQYDVLRQ
DQG QRGXODWLRQ ZHUH DQDO\VHG E\ 6RXWKHUQ K\EULGL]DWLRQ DIWHU GLJHVWLRQ RI WKH JHQRPLF ’1$ ZLWK
VHYHUDOHQGRQXFOHDVHV’LIIHUHQFHV LQ WKH’1$VHTXHQFHKDYHEHHQIRXQG LQWKHPDMRUELIXQFWLRQDO
SURPRWHU UHJLRQ ORFDWHG EHWZHHQ QRG$ DQG QRG’ JHQHV 3ULPDU\ VWUXFWXUH RI WKH F’1$ FORQH
HQFRGLQJ QRQUHFHSWRU W\URVLQH NLQDVH 7. IURP VSRQJH 6 UDSKDQXV ZDV GHILQHG 7KLV F’1$
HQFRGHVSURWHLQRIDPLQRDFLGV FDOFXODWHG0UZKLFKEHORQJV WR WKH)HV)SV IDPLO\RI





















7HPD REXKYDüD LVWUDåLYDQMD VWUXNWXUQLK L IXQNFLMVNLK SURPMHQD WLMHNRP GLIHUHQFLMDFLMH SODVWLGD NDR L
XWMHFDMD WYDUL UDVWHQMD L VSHFLILþQLK KHUELFLGD QD WH SURFHVH 3UDüHQH VX XOWUDVWUXNWXUQH SURPMHQH









7KH SURMHFW FRPSULVHV WKH LQYHVWLJDWLRQV RI VWUXFWXUDO DQG IXQFWLRQDO FKDQJHV GXULQJ SODVWLG
GLIIHUHQWLDWLRQ DQG WKH HIIHFW RI JURZWK VXEVWDQFHV DQG VSHFLILF KHUELFLGHV RQ WKHVH SURFHVVHV
8OWUDVWUXFWXUDO FKDQJHVRI SODVWLGVZHUH VWXGLHGRQ WKH IROORZLQJ V\VWHPV OHXFRSODVW DP\ORSODVW 
FKORURSODVW OHXFRSODVW  FKORURSODVW  FKURPRSODVW DQG FKORURSODVW  JHURQWRSODVW ,W KDV EHHQ
HVWDEOLVKHG DV WR ZKDW H[WHQW VRPH JURZWK VXEVWDQFHV LQIOXHQFH GLIIHUHQW VWDJHV RI WKHVH
WUDQVIRUPDWLRQV %\ DSSO\LQJ VSHFLILF KHUELFLGHV WKH SODVWLG GLIIHUHQWLDWLRQ KDV FKDQJHG DQG LQ WKLV
ZD\ WKH PRGH RI WKHLU LQKLELWLRQ GHWHUPLQHG 7KH V\QWKHVLV RI VSHFLILF SURWHLQ FRPSOH[HV RI
SKRWRV\QWKHWLFDSSDUDWXVGXULQJGHYHORSPHQWRIFKORURSODVWVIURPRWKHUSODVWLGW\SHVDVZHOODVWKH
SKRWRV\QWKHWLF DFWLYLW\ RI WKH PHPEUDQHV ZHUH VWXGLHG 3DUDOOHO ZLWK WKLV ZRUN ZH H[DPLQHG WKH













6DWHOLWVNH’1$VDVWDYQL VXGLRHXNDULRWVNRJJHQRPD L þHVWRþLQHGRXNXSQHJHQRPVNH’1$
(YROXLUDMX YUOR EU]R WDNRGD VH þHVWR ]QDQWQR UD]OLNXMX X QXNOHRWLGQRM VHNYHQFL YHü L]PH X VURGQLK
YUVWDSDVHSUHWSRVWDYOMDGDLPDMXYDåQXXORJXXVSHFLMDFLMLWMXQDVWDQNXQRYLKYUVWD&LOMSURJUDPD
MHVW L]XþDYDQMH HYROXFLMH RUJDQL]DFLMH L VWUXNWXUH VDWHOLWVNLK ’1$ QD PRGHOX NXNDFD NRUQMDªD L]
SRURGLFH 7HQHEULRQLGDH &ROHRSWHUD 6YRMVWYHQR ]D RYH NXNFH MHVW GD VDGUåH YHOLNX NROLþLQX
VDWHOLWVNLK ’1$ GR  XNXSQRJ JHQRPD NRMD MH QDMþHªüH VPMHªWHQD X SRGUXþMX FHQWURPHUQRJ
KHWHURNURPDWLQD .XNFL RYH SRURGLFH YHOLNL VX ªWHWQLFL X VNODGLªWLPD KUDQH VWRJD SURXþDYDQMH
RUJDQL]DFLMH L VWUXNWXUHJHQRPDPRåH QDüL SULPMHQXXELRORªNRM NRQWUROL YHOLþLQHQMLKRYLK SRSXODFLMD
7DNR HU VH UH]XOWDWL DQDOL]H SULPDUQLK VWUXNWXUD VDWHOLWVNLK’1$ NRMH VX QDMþHªüH YUVQR VSHFLILþQH
PRJX NRULVWLWL ]D SRX]GDQR RGUH LYDQMH YUVWD NRMH VH IHQRWLSVNL WHªNR UD]OLNXMX 8 SURWHNORM JRGLQL
REMDYOMHQL VX UH]XOWDWL SURXþDYDQMD VWUXNWXUH L HYROXFLMH VDWHOLWVNLK ’1$ YUVWD L] URGD 3LPHOLD 6YH
DQDOL]LUDQH YUVWH VDGUåH ]QDWQX NROLþLQX VDWHOLWVNH ’1$  XNXSQH ’1$ NRMD X QXNOHRWLGQRP









WR  RI WKH WRWDO JHQRPLF ’1$ 7KH\ HYROYH YHU\ TXLFNO\ WKXV LQ QXFOHRWLGH VHTXHQFH GLIIHULQJ
VXEVWDQWLDOO\HYHQ IURP WKHLUFORVHO\ UHODWHGVSHFLHVDQG IRU WKDW UHDVRQ WKHLU UROH LQ VSHFLDWLRQZDV
SURSRVHG7KHDLPRIRXUSURMHFWLVWRVWXG\WKHHYROXWLRQRUJDQLVDWLRQDQGVWUXFWXUHRIVDWHOOLWH’1$V
LQ LQVHFW VSHFLHV EHORQJLQJ WR WKH IDPLO\ 7HQHEULRQLGDH &ROHRSWHUD 7KHVH VSHFLHV KDYH D KLJK
DPRXQW RI VDWHOOLWH ’1$ XS WR  RI WKH ZKROH JHQRPH ORFDWHG PRVWO\ LQ WKH UHJLRQ RI
SHULFHQWURPHULFKHWHURFKURPDWLQ$PDMRULW\RILQVHFWVRIWKHIDPLO\7HQHEULRQLGDHDUHNQRZQDVVWRUH
SURGXFW SHVWV 7KHUHIRUH WR VWXG\ WKHLU JHQRPH RUJDQLVDWLRQ DQG VWUXFWXUH FRXOG EH ELRORJLFDOO\
HIILFLHQW LQEULQJLQJXQGHUFRQWURO WKHVL]HRI WKHLUSRSXODWLRQ7KHVDWHOOLWH’1$VDUHDOVRYHU\RIWHQ
VSHFLILF VSHFLHV DQG WKH\ FRXOG EH XVHG IRU UHOLDEOH GHWHUPLQDWLRQ RI VSHFLHV ZLWK YHU\ VLPLODU
SKHQRW\SH7KH UHVXOWVRQVWUXFWXUHDQGHYROXWLRQRI VDWHOOLWH’1$VEHORQJLQJ WR WKHJHQXV3LPHOLD
UHYHDOHGDVXEVWDQWLDODPRXQWRIVDWHOOLWH’1$VH[KLELWLQJKLJKVLPLODULW\LQQXFOHRWLGHVHTXHQFH
EHWZHHQ DOO VSHFLHV DQDO\VHG 7KH HYROXWLRQ RI WKH3DORUXV VXEGHSUHVVXV VDWHOOLWH ’1$ KDV EHHQ
DVFULEHGWRWKHSURFHVVHVRILQYHUVLRQDQGGXSOLFDWLRQRIVKRUWVXEVHTXHQFHV7KHFRRSHUDWLRQZLWK
WKH/DERUDWRU\RI3URIHVVRU/&RUQXGHOOD&6,&%DUFHORQDRQWKHDQDO\VLVRI WKHVDWHOOLWH’1$V


















WRNVLQX 6WDQLFH RWSRUQH SUHPD ’7PRJOH EL SRVOXåLWL NDR GRPDüLQ ]D UDVW L SURGXNFLMX GHIHNWQRJ
YLUXVD +,9’7 F )X]LMVNL SURWHLQ PLNURSOD]PLQRJHQD L VWUHSWRNLQD]H NRML MH HNVSULPLUDQ X 3LFKLD
SDVWRULV 8VWDQRYLOL VPR GD MH VXSVWUDWQD VSHFLILþQRVW IX]LMVNRJ SURWHLQD SURPLMHQMHQD X RGQRVX QD
URGLWHOMVNHSURWHLQH
 .RPSMXWRUVNL MH VLPXOLUDQ PRGHO PROHNXOVNLK PHKDQL]DPD NRML UHJXOLUDMX VWDQLþQR VWDUHQMH L
XVWDQRYOMHQRMHGDMHLVWRYMHWDQVHNVSHULPHQWDOQLPSRGDFLPD




 :H FORQHG ZLWK WKH DGYHQW RI UHFRPELQDQW ’1$ WHFKQRORJ\ WKH IROORZLQJ FRQVWUXFWV D 7KH
UHSOLFDWLRQ GHIHFWLYH +,9 LQ D SURYLUDO IRUP LQ ZKLFK WKH WDW JHQH ZDV GHOHWHG DQG UHSODFHG ZLWK
GLSKWKHULDWR[LQ$JHQH’77KLVPRGLILHG+,9SURYLUXVEORFNVWKHUHSOLFDWLRQRIWKHZLOGW\SH+,9LQ
FHOO FXOWXUHV E3ODVPLG’1$ RI WKHPXWDWHG KXPDQHORQJDWLRQ IDFWRU () LQZKLFK DPLQRDFLG
+GLSKWKDPLGHZDVVXEVWLWXWHGZLWK4RU/7KHPXWDWHG()LVQRWDVXEVWUDWHIRUWKHWR[LF’7
7KHFHOOVWUDQVIRUPHGZLWKWKHSODVPLGFRQWDLQLQJPXWDWHG()VKRZDFHUWDLQGHJUHHRIUHVLVWDQFH
DJDLQVW WKHWR[LQ7KHFHOOV UHVLVWDQW WR’7FRXOGEHXVHGDVDKRVW IRU WKHSURGXFWLRQRI UHSOLFDWLRQ


























JHQRWRNVLþQLK DJHQVD RVRELWR X] SRQDYOMDQR L]ODJDQMH 5DGL VH R YUOR VORåHQRP WHN GMHORPLFH
SR]QDWRPSURFHVX ,VWUDåXMXVHSURPMHQHNRMHVHGRJD DMXXPHPEUDQLFLWRSOD]PL L MH]JUL WUHWLUDQLK
VWDQLFD 1DGDOMH LVSLWXMH VH JHQRWRNVLþQL XþLQDN QRYRVLQWHWL]LUDQLK VSRMHYD 7DNR HU LVWUDåXMH VH
XþLQNRYLWRVW UD]OLþLWLK NRQVWUXNDWD YHNWRUVNLK YDNFLQD 1DYHVW üHPR QDMYDåQLMH UH]XOWDWH NRMH VPR
REMDYLOLWLMHNRPJRGLQH
6WDQLFH ]UDþHQHPDOLPRSHWRYDQLPGR]DPDJDPD ]UDNDSRVWDMX RWSRUQH QD FLVSODWLQX8]URN WRPH
MHVWLQKLELFLMDDSRSWR]H$NRVHVWDQLFHDGHQRNDUFLQRPDGRMNHWUHWLUDMXPDOLPGR]DPDGRNVRUXELFLQD
RQH üH SRVWDWL RWSRUQH QD WDM VSRM WH LVWRGREQR NULåQR RWSRUQH QD QHNROLNR SR VWUXNWXUL L QDþLQX
GMHORYDQMD UD]OLþLWLK FLWRVWDWLND ,VWUDåLYDQMH X]URND WLK SURPMHQD MHVW X WLMHNX =DVDG ]QDPR GD NRG
RYLK VWDQLFD QHPD SURPMHQD X HNVSUHVLML QHNROLNR JHQD XNOMXþHQLK X SURYR HQMHPLWRWVNRJ VLJQDOD
2WSRUQRVW VWDQLFD QD FLWRVWDWLNH PRåH VH VPDQMLYDWL QD UD]OLþLWH QDþLQH .RG VWDQLFD RWSRUQLK QD
FLVSODWLQX GRNLGDQMH RWSRUQRVWL SRVWLJQXWR MH GMHORYDQMHP SRYLªHQH WHPSHUDWXUH 8]URN WRPH MHVW
SRYHüDQR QDNXSOMDQMH FLVSODWLQH X VWDQLFDPD *HQRWRNVLþQL DJHQVL X VWDQLFDPD LQGXFLUDMX QL]




WXPRUHNRUSXVDXWHUXVD ,VWUDåLYDQD MHGMHORWYRUQRVW YHNWRUVNLK YDNFLQDX ]DªWLWLPLªHYDRG LQIHNFLMH




WUHDWPHQWZLWKJHQRWR[LFDJHQWVHVSHFLDOO\DIWHU UHSHDWHG WUHDWPHQWV ,W LVD YHU\ FRPSOH[SURFHVV
RQO\SDUWLDOO\UHVROYHG7KHDOWHUDWLRQV LQGXFHG LQPHPEUDQHVF\WRSODVPDQGQXFOHXVRI WKH WUHDWHG
FHOOVKDYHEHHQVWXGLHG)XUWKHU WKH JHQRWR[LF DFWLYLW\ RI QHZGUXJVKDVEHHQ H[DPLQHG $OVR WKH




RI WKLV SKHQRPHQRQ LV WKH LQKLELWLRQ RI DSRSWRVLV ,I EUHDVW DGHQRFDUFLQRPD FHOOV DUH WUHDWHG ZLWK
GR[RUXELFLQ WKH\ EHFRPH UHVLVWDQW WR WKLV GUXJ EXW DOVR FURVVUHVLVWDQW WR VHYHUDO XQUHODWHG
F\WRVWDWLFV6RIDUZHNQRZWKDWWKHH[SUHVVLRQRIVHYHUDOJHQHVLQYROYHGLQPLWRWLFVLJQDOSDWKZD\LV
QRWDOWHUHGLQWKHVHFHOOV’UXJUHVLVWDQFHFDQEHUHYHUWHG LQGLIIHUHQWZD\V,QWKHFLVSODWLQUHVLVWDQW
FHOOV WKH UHVLVWDQFHFDQEHGLPLQLVKHGE\K\SHUWKHUPLF WUHDWPHQWGXH WR WKH LQFUHDVHG LQWUDFHOOXODU
GUXJDFFXPXODWLRQ*HQRWR[LFDJHQWV LQGXFHQXPHURXVPROHFXODUFKDQJHV LQFHOOVDQG WKH\FDQEH
UHIOHFWHG LQ WKH DOWHUHG FHOO UHVSRQVH WR WKH DGGLWLRQDO GUXJV VXFK DV DVFRUELF DFLG DQG LWV FKORUR
GHULYDWLYV
6RPH RI WKH SDUDPHWHUV WKDW DUH LPSRUWDQW IRU WKH GUXJ UHVLVWDQFH LQ YLWUR ZHUH H[DPLQHG RQ WKH
FDQFHU SDWLHQWV ,W KDV EHHQ VKRZQ WKDW JOXWDWKLRQH WUDQVIHUDVH DQG FDWKHSVLQ ’PD\ EH XVHG DV
PDUNHUVIRUPDOLJQDQWWXPRXUVRIFRUSXVXWHUL7KHHIILFDF\RIYHFWRUYDFFLQHVDJDLQVW LQIHFWLRQZLWK










(NVSUHVLMDJHQDXSURNDULRWD L HXNDULRWD UHJXOLUD VHQDQHNROLNR UD]LQDV NRQDþQLPGHWHUPLQLUDQMHP
IHQRWLSD ELOR NRMH VWDQLFH $NWLYDFLMD LOL UHSUHVLMD JHQD QD UD]LQL LQLFLMDFLMH WUDQVNULSFLMH MHVW
IXQGDPHQWDOQLUHJXODFLMVNLPHKDQL]DPXHXNDULRWD1RUPDODQUD]YRMRUJDQL]PDGLIHUHQFLMDFLMDUD]QLK




LQLFLMDFLMH X]URNXMH QHNROLNR YUVWD UDND 0QRJL GDQDV SR]QDWL RQNRJHQL VX PROHNXOH NRMH UHJXOLUDMX
LQLFLMDFLMX WUDQVNULSFLMH GUXJLK NOMXþQLK VWDQLþQLK UHJXODWRUD L NDR WDNYL SRYH]DQL VX QH VDPR V
QRUPDOQLPIXQNFLMDPDVWDQLFDQHJRLVEROHVQLPDWMSRUHPHüHQLPVWDQMLPD2YDMODERUDWRULMLVWUDåXMH
NOMXþQL WUDQVNULSFLMVNL UHJXODWRUS5ENDR LQMHPXVURGQHPROHNXOHS LSS5ENRML MHRWNULYHQ
NDR W]Y WXPRUVXSUHVRU JHQ SRVMHGXMH SR]LWLYQH L QHJDWLYQH IXQNFLMH X UHJXODFLML LQLFLMDFLMH
WUDQVNULSFLMH1MHJRYDSULPDUQDIXQNFLMDXUHJXODFLMLHNVSUHVLMHRQLKJHQDNRMLNRQWUROLUDMXVWDQLþQLFLNOXV






*HQH H[SUHVVLRQ LQ ERWK SURNDU\RWHV DQG HXNDU\RWHV LV UHJXODWHG RQ VHYHUDO OHYHOV XOWLPDWHO\
GHWHUPLQLQJ WKH SKHQRW\SH RI D FHOO $FWLYDWLRQ RU UHSUHVVLRQ RI JHQH H[SUHVVLRQ DW WKH OHYHO RI
WUDQVFULSWLRQ LV D IXQGDPHQWDO UHJXODWRU\ PHFKDQLVP LQ HXNDU\RWHV 1RUPDO GHYHORSPHQW RI DQ
RUJDQLVP DQG GLIIHUHQWLDWLRQ RI FHOO W\SH VSHFLILF IXQFWLRQV GHSHQG RQ WKH SURSHUO\ UHJXODWHG
H[SUHVVLRQRIKHWHURJHQHRXVVHWVRIJHQHV7KH WUDQVFULSWLRQSURFHVVFDQEH IXQFWLRQDOO\GLVVHFWHG
LQWRWKUHHSKDVHVLQLWLDWLRQHORQJDWLRQDQGWHUPLQDWLRQDQGHDFKRI WKHVH LVVXEMHFW WRUHJXODWLRQ LQ
HXNDU\RWHV
$FWLYDWLRQ DQG UHSUHVVLRQ RI WUDQVFULSWLRQDO LQLWLDWLRQ DUH LPSRUWDQW PHDQV RI JHQH FRQWURO ,QGHHG
DEHUUDQWUHJXODWLRQRIJHQHH[SUHVVLRQDWWKHOHYHORIWUDQVFULSWLRQLQLWLDWLRQKDVEHHQGHWHUPLQHGDVD




E\ WKH SURGXFW RI WKH UHWLQREODVWRPD JHQH S5E DQG LWV UHODWHG IDFWRUV S DQG S S5E
RULJLQDOO\ LGHQWLILHG DV D WXPRXU VXSSUHVVHU JHQH KDV ERWK SRVLWLYH DQG QHJDWLYH IXQFWLRQV LQ
UHJXODWLQJ WUDQVFULSWLRQ LQLWLDWLRQ ,WV SULPDU\ UROH LQ WKH UHJXODWLRQ RI JHQHV LQYROYHG LQ FHOO F\FOH
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1DVWDYDN LVWUDåLYDQMD PHKDQL]DPD VLQDSWLþNH WUDQVPLVLMH QD PRGHOX WURPERFLWQRJ VHURWRQLQVNRJ
VXVWDYD QD GYLMH UD]LQH HNVSHULPHQWDOQRM L NOLQLþNRM 8 HNVSHULPHQWDOQLP LVWUDåLYDQMLPD NRULªWHQ MH
PRGHO ªWDNRUD V NRQVWLWXFLMVNL SURPLMHQMHQRP KRPHRVWD]RP VHURWRQLQD +7 UD]YLMHQ X YODVWLWRP
ODERUDWRULMX =DSRþHWD VX LVWUDåLYDQMD KRPHRVWD]H NDOFLMD WH HNVSUHVLMH JHQD ]D +7 UHFHSWRUH L
PHPEUDQVNLSULMHQRVQLNXWURPERFLWLPDLQHXURQLPDªWDNRUDXRNYLUXJRUHQDYHGHQRJPRGHOD,VWUDåHQ
MHRGJRYRU+7SULMHQRVQLNDQDSULPMHQXVHURWRQLQVNLKDQWLGHSUHVLYDXPR]JXVHOHNFLRQLUDQLKªWDNRUD
.OLQLþNH VWXGLMH SURYRGH VH QD QHXURSVLKLMDWULMVNLP EROHVQLFLPD L ]GUDYLP LVSLWDQLFLPD ,VWUDåHQH VX






DQG FOLQLFDO OHYHOV ([SHULPHQWDO VWXGLHV ZHUH SHUIRUPHG RQ WKH RULJLQDO PRGHO RI UDWV ZLWK
FRQVWLWXWLRQDOO\DOWHUHGVHURWRQLQKRPHRVWDVLV6WXGLHVRQLQWUDFHOOXODUFDOFLXPDQG+7UHFHSWRUDQG
WUDQVSRUWHU JHQHH[SUHVVLRQRQSODWHOHWV DQG QHXURQVRI WKH DERYHPHQWLRQHGPRGHO KDYH VWDUWHG
5HVSRQVHRI+7 WUDQVSRUWHU WRSKDUPDFRORJLFDO FKDOOHQJHZLWK+7 UHODWHG DQWLGHSUHVVDQWV LQ WKH
EUDLQVRIVHOHFWHGDQLPDOVKDVEHHQLQYHVWLJDWHG
&OLQLFDOVWXGLHVKDYHEHHQSHUIRUPHGRQQHXURSV\FKLDWULFSDWLHQWVDQGKHDOWK\YROXQWHHUVJLYLQJWKH
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3RVOLMHGLSORPVNL VWXGLM L] NOLQLþNH IDUPDNRORJLMH
0HGLFLQVNL IDNXOWHW 6YHXþLOLªWH X =DJUHEX X RNYLUX





3RVOLMHGLSORPVNL VWXGLM L] NOLQLþNH QHXURORJLMH
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7LPHELELRRVWYDULYNRPSDUDWLYQLHNRORªNLSUHJOHG ILWRFHQR]DPDNURDOJD LREDOQLKKDORILWDGXå LVWRþQRJ
-DGUDQD WH QD WHPHOMX WRJD MRª L SULPMHQMHQL NDUWRJUDIVNL L]YRGL R REDOQRP XWMHFDMX KLGURGLQDPLNH L
GHJUDGDFLMVNRJ]DJDGMHQMD=DRYRNRPSOHWLUDQMHDQDOL]D MHSRWUHEQRX]RUNRYDQMH L VQLPDQMHSRGDWDND
EDUHPNUR]WMHGDQDQDWHUHQXLWRXSUROMHWQRMYHJHWDFLMVNRMVH]RQLNDVQLMHRGOMHWDVHWDYHJHWDFLMD
SULURGQR GHJUDGLUD L QHXSRUDELYD MH ]D X]RUNRYDQMH EH] þHJD MH WHªNR PRJXüD GDOQMD ODERUDWRULMVND





8JRYRU ]D RYX WHPX RVWYDUHQ MH WHN RG OLSQMD  D SUYD VUHGVWYD ]D UDG X RYRM JRGLQL SULVWLJOD VX
QDåDORVW X VUSQMX NDGD MH YHü QDMYHüL GLR WHUHQVNLK X]RUDND ELR YUHPHQVNL QHGRVWLåDQ QD VH]RQVNRP
L]PDNX MHUILWRLQGLNDWRULGDMXRþHNLYDQHHNRORªNHLQIRUPDFLMHWHNXRSWLPDOQRMUD]YRMQRMVH]RQL OLVWDQMD L
FYDWQMHWMXSUROMHüH=DWRüHVH]DNDªQMHORX]RUNRYDQMHL]RYHJRGLQHPRUDWLMRªGRSXQLWLSRþHWNRP
’RVDGDªQMH X]RUNRYDQMH MH L]YUªHQR QD WLSVNLP WUDMQLP SRVWDMDPD YHOHELWVND REDOD L VXVMHGQL
LVWRþQRNYDUQHUVNL RWRFL .UN 5DE 3UYLü L *ROL WH QD MXåQRMDGUDQVNLP RWRFLPD0OMHWX .RUþXOL L ýLRYX
2GDEUDQHSRVWDMHX]9HOHELWVNLNDQDOVXUHSUH]HQWDWLYQH]DVXEPHGLWHUDQVNXREDOQXYHJHWDFLMXJRUQMHJ
-DGUDQD V GRPLQDQWQLP XþLQNRP EXUH D RQH QD MXåQRMDGUDQVNLP RWRFLPD ]D HXPHGLWHUDQVNH L
WHUPRPHGLWHUDQVNH REDOH V JODYQLP XWMHFDMHP SXþLQVNRJ MXJD 1D WHPHOMX RYLK L UDQLMLK LVWUDåLYDQMD
YHüLQRPMHGRYUªHQILWRFHQRORªNLVXVWDYLVWRþQRMDGUDQVNHREDOQHYHJHWDFLMHXNOMXþLYRKDORILWHPDNURDOJHL
PLNRIORUX7DNRGMHUVXXSULSUHPLWHPHOMQHVLQHNRORªNHNDUWHREDOQLKILWRLQGLNDWRUDGXåLVWRþQRJ-DGUDQDX
PMHULOX  D ]D REDOQH ILWRLQGLNDWRUH RNR 9HOHELWVNRJ NDQDOD MRª GHWDOMQL ILWRFHQRORªNL VXVWDY L
HNRNDUWH V L]YRGLPD ]D XþLQDN GHJUDGDFLMH L KLGURGLQDPLNH PMHULOD  1D VSRPHQXWLP
MXåQRMDGUDQVNLPRWRFLPD MH SREOLåHDQDOL]LUDQD UHOLNWQDRWRþQD YHJHWDFLMD WHUFLMDUQRJ SRGULMHWOD X WRSOR
YODåQLPUHIXJLMDPDODXULV\OYDHLPLNRIORUDNDRUHSUH]HQWDWLYQHSRVWDMHRSWLPDOQRJQXOWRJVWDQMDWLKMXåQLK




RI FRDVWDO KDORSK\WHV DQG DOJDO SK\WRFRHQRVHV DORQJ WKH HDVWHUQ $GULDWLF GXULQJ WKH SUHFHGHQW 
GHFHQQLD LQ)DFXOW\RI6FLHQFHDQG LQ5%RVNRYLF ,QVWLWXWH=DJUHE7KHUHFHQWDQDO\VHV LQPD\
FRPSOHWH WKH GDWD RQ WKH DGOLWWRUDO PHGLROLWWWRUDO DQG LQIUDOLWWRUDO EHOWV LQ WKH FDUGLQDO UHSUHVHQWDWLYH
VWDWLRQVRIWKH9HOHELW&KDQQHODQGRIWKHH[WHUQDOLVODQGVLQVRXWKHUQ$GULDWLF$IWHUWKLVWKHFRPSDUDWLYH
HFRORJLFDOVXUYH\RIWKHDOJDOSK\WRFRHQRVHVDQGRIFRDVWDOKDORSK\WHVDFURVVWKHHDVWHUQ$GULDWLFZRXOG
EH UHDOL]DEOH DQG RQ WKLV EDVH DOVR WKH UHODWHG DSSOLHG H[WUDSRODWLRQV RQ WKH FRDVWDO HIIHFWV RI
K\GURG\QDPLFV DQG RI GHJUDGLQJ SROOXWLRQ )RU WKH FRPSOHWLQJ RI WKHVH DQDO\VHV WKH VDPSOLQJ DQG






UHDVRQDEOH OHYHO  7KH DFWXDO UHVHDUFK LV HVVHQWLDO IRU WKH IXQGDPHQWDO VFLHQWLILF NQRZOHGJH RQ WKH
&URDWLDQFRDVWVDQGLVODQGVDQGDOVRIRUWKHSUDFWLFDODSSOLFDWLRQVLQWKHHQYLURQPHQWDOFRQVHUYDWLRQWKH
NQRZOHGJH DQG H[SORLWDWLRQ RI $GULDWLF WKH GHYHORSPHQW LQ $GULDWLF LVODQGV DQG OLWWRUDO WKH ODQGVFDSH
PDQDJHPHQWHWF
7KHFRQWUDFWIRUWKLFWRSLFKDVEHHQUHDOL]HGRQO\IURP-XO\DQGWKHUHDOVXSSRUWDUULYHGDIWHU-XQH
ZKHQ WKHPRVW ILHOG VDPSOHVZHUH XQDWWDLQDEOHZLWK WKH HQG RI VHDVRQDO YHJHWDWLRQ IRU WKHVH SK\WR
LQGLFDWRUVRIIHUWKHUHDVRQDOHFRORJLFDOLQIRUPDWLRQVFKLHIO\LQWKHRSWLPDOGHYHORSPHQWVHDVRQLQVSULQJ
7KHUHIRUH WKH IDLOHG ILHOGVDPSOLQJRIDFWXDO\HDUPXVWEHFRPSOHWHG IURP WKHEHJLQQLQJRI7KH
HIIHFWLYHVDPSOLQJZDVLQWKHUHSUHVHQWDWLYHSHUPDQHQWVWDWLRQV9HOHELWFRDVWDQGWKHDGMDFHQW LVODQGV
.UN5DE3UYLü DQG*ROL LQ.YDUQHU*XOI DQGDOVR WKH VRXWKHUQ’DOPDWLDQ LVODQGV0OMHW .RUþXOD DQG
ýLRYR 7KH VHOHFWHG VWDWLRQ DURXQG WKH 9HOHELW &KDQQHO DUH W\SLFDO IRU WKH VXEPHGLWHUUDQHDQ FRDVWDO




DOVR WKH IXQGDPHQWDO V\QHFRORJLFDO PDSV RI WKH FRDVWDO SK\WRLQGLFDWRUV DORQJ WKH HDVWHUQ $GULDWLF
 DQG IRU WKH FRDVWDO SK\WRLQGLFDWRUV DURXQG WKH 9HOHELW &KDQQHO D PRUH GHWDLOHG SK\WR
FRHQRORJLFDOFRQVWLWXWLRQDQGWKHDSSOLHGHFRORJLFDOPDSVRIWKHK\GURG\QDPLFDODQGSROOXWLRQHIIHFWVLQ
,QWKHVWXGLHGLVODQGVRIVRXWKHUQ$GULDWLFZHDQDO\VHGLQGHWDLOVWKHUHOLFWLQVXODUYHJHWDWLRQRI
KRWKXPLG UHIXJLD LQFOXGLQJ WKH ODXULV\OYDH DQG WKHLUP\FRIORUD EHLQJ WKH UHSUHVHQWDWLYH VWDWLRQ RI DQ
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&LOM SURJUDPD MHVW LVWUDåLWL PHKDQL]PH SUROLIHUDFLMH L GLIHUHQFLMDFLMH VWDQLFD XVWDQRYLWL PROHNXOVNR
JHQHWLþNXSRGORJX]ORüXGQLKWXPRUDWHSUHGORåLWLQRYHGLMDJQRVWLþNHLWHUDSLMVNHSRVWXSNH,VWUDåXMHVH

XORJD LVWUXNWXUQHSURPMHQH WXPRUVXSUHVRUVNLKJHQDRQNRJHQD L JHQD]DSRSUDYDN’1$X UD]YRMX





XVPMHUHQH SURWLY WXPRUD 8VWDQRYOMHQD MH WRþNDVWD PXWDFLMD JHQD S NRGRQL  L  NRMD MH
SRYH]DQD V UD]YRMHP ]ORüXGQRJ LQ]XOLQRPD 2QNRSURWHLQ S+(5QHX SURJODªHQ MH QHRYLVQLP
SURJQRVWLþNLP ELOMHJRP ]D UDN GHEHORJD L ]DYUªQRJ FULMHYD 8VSMHªQR MH SURYHGHQD WUDQVIHNFLMD L
LPRUWDOL]DFLMDEHWDVWDQLFDJXªWHUDþHXEDFLYDQMHPUHWURYLUDOQRJYHNWRUDNRMLVDGUåLDNWLYLUDQHRQNRJHQH
UDV LP\F þLPH MH SRWYU HQD KLSRWH]D R XOR]L DNWLYDFLMH WLK RQNRJHQD X ]DSRþLQMDQMX WUDQVIRUPDFLMH
EHWDVWDQLFDJXªWHUDþH,]XþDYDQDMHSDWRJHQH]DNURQLþQHOLPIRFLWQHOHXNHPLMHSULþHPXMHQDJODªHQD
XORJD GYDMX þLQLWHOMD  GHUHJXOLUDQH IXQNFLMH JHQD &’ X %OLPIRFLWLPD WH QHXUDYQRWHåHQD L
IXQNFLRQDOQRSURPLMHQMHQDVXESRSXODFLMD&’7OLPIRFLWDXNUYLEROHVQLND
*ODYQL SRVUHGQLN RNVLGDWLYQRJ VWUHVD KLGURNVLQRQHQDO +1( SRMDþDYD HNVSUHVLMX JHQD FIRV X
VWDQLFDPD+H/DWHLQKLELUDQMLKRYXSUROLIHUDFLMX+1(LQKLELUDUDVWWXPRUDLQYLYR
8 RNYLUX LVWUDåLYDQMD PHKDQL]DPD GMHORYDQMD HQNHIDOLQD L SHSWLGRJOLNDQD SRWNULMHSOMHQD MH UDGQD
SUHWSRVWDYND GD QHXURSHSWLGL HQNHIDOLQLPHPEUDQVNHPHWDORHQGRSHSWLGD]H NRMH LK UD]JUD XMX &’
 &’  WH UD]JUDGQL SURGXNWL HQNHIDOLQVNH PROHNXOH VXGMHOXMX X UHJXODFLML SUROLIHUDFLMH L
GLIHUHQFLMDFLMHSURJHQLWRUVNLKVWDQLFDNUYRWYRUQRJWNLYD5D]MDªQMHQ MHPRGXODWRUQLXþLQDN0(1.DQD
RNVLGDWLYQHSURFHVHXWNLYXOLSLGQDSHURNVLGDFLMDRVORED DQMHGXªLüQLKUDGLNDOD
8VSMHªQR MH UD]UD HQ LQ YLWUR PRGHO JHQVNRJ OLMHþHQMD VDPRXELODþNLP JHQRP +69WN 8þLQNRYLWD
GXJRWUDMQDLQHªNRGOMLYDDQWLYLUXVQD]DªWLWDSHUDGLQDIDUPDPDSRVWLJQXWDMHHNVSHULPHQWDOQLPPRQRL
SROLYDOHQWQLP FMHSLYLPD SULUH HQLPD RG SRYUªLQVNLK DQWLJHQLK SRGMHGLQLFD YLUXVD V RYRMQLFRP
SULPLMHQMHQLKXREOLNXHPXO]LMHYRGDXXOMXXYRGL
3URJUDP MH UH]XOWLUDR GYMHPD LQRYDFLMDPD  JHQVNLP OLMHNRP ]D OLMHþHQMH LQYD]LYQRJ NDUFLQRPD
JXªWHUDþHWHLQRYDFLMRPSRVWXSNDEU]HGHWHNFLMHQDVOMHGQLKEROHVWLPHWRGRPH[SDQGORQJ3&5EROHVWL
X]URNRYDQH GLQDPLþQLP PXWDFLMDPD 0HWRGH PROHNXOVNH JHQHWLNH XVSMHªQR VH SULPLMHQMXMX X
GLMDJQRVWLFL QDVOMHGQLK EROHVWL QDVOMHGQL UDN GHEHORJ FULMHYD QDVOMHGQL UDN GRMNH L MDMQLND PXOWLSOD
HQGRNULQD QHRSOD]LMD WLSD ,, QDVOMHGQL PHODQRP *RUOLQRY VLQGURP EROHVWL X]URNRYDQH GLQDPLþQLP
PXWDFLMDPD .UDWNRWUDMQD L GXJRWUDMQD NXOWXUD NRªWDQH VUåL SULPLMHQMXMH VH X NOLQLþNRODERUDWRULMVNRM
GLMDJQRVWLFLLLVSLWLYDQMXIDUPDNRORªNLDNWLYQLKWYDUL
5HVHDUFKSURJUDPPH
7KH DLP RI WKH SURJUDP LV WR VHDUFK IRU IXQFWLRQDO DEQRUPDOLWLHV RI JHQHV LQYROYHG LQ FDQFHU
GHYHORSPHQW0ROHFXODUELRORJ\WHFKQLTXHVKDYHEHHQXVHGWRLVRODWHLQGLYLGXDOJHQHVDQGGHWHUPLQH




DQG GHYHORSPHQWDO GHIHFWV 6XFFHVVIXO WUDQVIHFWLRQ RI SDQFUHDWLF EHWDFHOOV E\ UHWURYLUDO YHFWRU





LQGHSHQGHQW SURJQRVWLF IDFWRU LQ SDWLHQWV ZLWK FRORUHFWDO PDOLJQDQFLHV ,NDURV JHQH LV H[SUHVVHG LQ
KXPDQPDOLJQDQW O\PSKRF\WHV *HQH H[SUHVVLRQ KDV EHHQ IRXQG LQ FHOO OLQHV GHULYHG IURP KXPDQ
OHXNDHPLDDQG LQ O\PSKQRGHVDQGSHULSKHUDOEORRG IURP OHXNDHPLDDQG O\PSKRPDSDWLHQWV F’1$
IURPSXWDWLYHJHQHSURGXFWVLPSRUWDQWIRUO\PSKRF\WHGLIIHUHQWLDWLRQKDVEHHQGHWHFWHG:LWKLQWKH
IUDPHZRUN RI VWXGLHV RQ FKURQLF O\PSKRF\WLF OHXNDHPLD &// DQ LQFUHDVHG H[SUHVVLRQ RI S
VXSSUHVVRUSURWHLQLQ7O\PSKRF\WHVKDVEHHQIRXQGLQWKHSHULSKHUDOEORRGRI&//SDWLHQWV,WVHHPV
WKDW GHUHJXODWHG IXQFWLRQ RI &’ JHQH LQ %FHOOV DFFRPSDQLHG E\ WKH DSSHDUDQFH RI LWV HOHYDWHG
&’SURGXFWVLQWKHVHUDDORQJZLWKIXQFWLRQDOO\LPSDLUHGDQGLPEDODQFHG&’7FHOOVXESRSXODWLRQV
IRXQGLQWKHSHULSKHUDOEORRGRI&//SDWLHQWVSOD\DQLPSRUWDQWUROHRIWKHGLVHDVH
2XU H[SHULPHQWDO DSSURDFK LQ JHQH WKHUDS\ LV EDVHG RQ LQVHUWLRQ RI D VXLFLGH JHQH +69WN YLD
UHWURYLUDO YHFWRU LQWR PHODQRPD DQG SDQFUHDWLF FDUFLQRPD FHOOV ZLWK VXEVHTXHQW DFWLYDWLRQ RI WKH
VXLFLGHPHFKDQLVP 6XFFHVVIXO H[SHULPHQWV ZHUH FRQGXFWHG RQPRXVHPHODQRPD %%/ FHOO DV
ZHOODVRQSDQFUHDWLFFDUFLQRPDFHOOV
1HXURSHSWLGHHQNHSKDOLQVWKHFHOOPHPEUDQHHQ]\PHVGHJUDGLQJWKHPDQGWKHGHJUDGDWLRQSURGXFWV
RI WKH HQNHSKDOLQ PROHFXOH SDUWLFLSDWH LQ WKH UHJXODWLRQ RI KDHPRSRLHWLF FHOO SUROLIHUDWLRQ DQG
GLIIHUHQWLDWLRQ

$PHWKRG IRU PHDVXULQJ WKH LQWUDFHOOXODU FDOFLXP DV DQ LQGLFDWRU RI VLJQDO WUDQVPLVVLRQ WR WKH FHOO
LQWHULRU KDV EHHQ HVWDEOLVKHG 2SWLPDO SDUDPHWHUV IRU WKH JURZWK RI D PRXVH WK\PRPD FHOO OLQH
H[SUHVVLQJ RSLRLG UHFHSWRUV KDYH EHHQ GHILQHG 7UHDWPHQW RI WKHVH FHOOV ZLWK kRSLRLG UHFHSWRU
DJRQLVWV FDXVHG GRZQUHJXODWLRQ RI RSLRLG UHFHSWRUV RQ WKH FHOO PHPEUDQH ZLWKRXW UHGXFLQJ WKHLU
DIILQLW\IRUWKHOLJDQG
,W ZDV LQYHVWLJDWHG ZKHWKHU WKH REVHUYHG SHUVRQGHSHQGHQW DPLQRSHSWLGDVH DFWLYLW\ RI QHXWURSKLO
PHPEUDQHVFRXOGEHOLQNHGWRGLIIHUHQWSK\VLRORJLFDOUHVSRQVHVRIQHXWURSKLOVIURPGLIIHUHQWGRQRUV$
KLJKGHJUHHRIFRUUHODWLRQEHWZHHQWKHDPLQRSHSWLGDVHDFWLYLW\DQGVXSHUR[\GHDQLRQSURGXFWLRQIURP
QHXWURSKLOV RI WKH UHVSHFWLYH GRQRU KDV EHHQ REVHUYHG 0DMRU PHGLDWRU RI R[LGDWLYH VWUHV 
K\GURK\QRQHQDO +1( VWLPXODWHV FIRV H[SUHVVLRQ LQ+H/D FHOOV DQG VXSSUHVVHV WKHLU SUROLIHUDWLRQ
+1(LQKLELWVWRPRXUJURZWKLQYLYR
7KHVWXG\UHODWHGWRYDFFLQDWLRQZLWKYLUDOVXEXQLWV LVRULHQWHGWRZDUGVGHVLJQDQGSUHSDUDWLRQRI WKH
YDFFLQHV EDVHG RQ YLUDO VXEXQLWV DQG SHSWLGHV IRU ERWK WKH DQWLYLUDO SURWHFWLRQ DQG WKHUDS\ RI WKH
PDOLJQDQWDQGDXWRLPXQHGLVHDVHV:HGHYHORSHGRXURZQPRGHOVDQG FRPSXWHU SURJUDPPHV IRU





















2QH RI WKH JRDOV RI RXU SURMHFW ZDV WR ORRN IRU H[SUHVVLRQ RI WKH ,NDURV JHQH RQH RI WKH PRVW
LPSRUWDQWJHQHVLQO\PSKRF\WHGLIIHUHQWLDWLRQ,WKDVEHHQSUHYLRXVO\VKRZQWKDWPLFHZLWK,NDURVJHQH
LPSDLUPHQWGHYHORSO\PSKRPDVLQRIFDVHV2XUUHVXOWVVKRZWKDW,NDURVJHQHLVH[SUHVVHGLQ
KXPDQPDOLJQDQW O\PSKRF\WHV:H IRXQG ,NDURV JHQH H[SUHVVLRQ LQ FHOO OLQHV GHULYHG IURP KXPDQ
OHXNDHPLDDQGLQO\PSKQRGHVDQGSHULSKHUDOEORRGIURPOHXNDHPLDDQGO\PSKRPDSDWLHQWV
7KH PDMRU JRDO RI RXU SURMHFW LV WKH VHDUFK IRU WKH JHQHV LQYROYHG LQ O\PSKRF\WH GLIIHUHQWLDWLRQ
7KHUHIRUH ZH HVWDEOLVKHG DQG PRGLILHG WKH GLIIHUHQWLDO GLVSOD\ E\ 3&5 PHWKRG ’’3&5 IRU WKH
QHHGVRIRXUODERUDWRU\:HGHWHFWHGF’1$IURPSXWDWLYHJHQHSURGXFWVLPSRUWDQWIRUO\PSKRF\WH
GLIIHUHQWLDWLRQ&ORQLQJ RI WKHVH F’1$V HQDEOHG XV WR JHW SXUH’1$ SURGXFWV IRU IXUWKHU QXFOHRWLGH













3URJUDP UDGDREXKYDüD LVWUDåLYDQMDNRMLPDVHåHOL SRWYUGLWL GD MHJHQ*RUOLQRYDVLQGURPD QHGDYQR
NORQLUDQ LQD]YDQ37&+]ERJKRPRORJLMHV37&JHQRPGURVRILOH WXPRUVXSUHVRU]DQHRSOD]LMH L ]D
QHPDOLJQHSURPMHQH=DVDGWRMHMHGLQLSR]QDWLWXPRUVXSUHVRUþLMHVHSURPMHQHSRYH]XMXVQDVWDQNRP
WXPRUD L GHIRUPDFLMD *RUOLQRY VLQGURP LOL VLQGURP QHYXVD ED]DOQLK VWDQLFD MHVW DXWRVRPDOQD
GRPLQDQWQDQDVOMHGQDEROHVWNRMXNDUDNWHUL]LUDMXWXPRULED]RFHOXODUQLNDUFLQRPNRåHILEURPLRYDULMD
PHGXOREODVWRPL WH PDOIRUPDFLMH RG NRMLK VX QDMþHªüH FLVWH þHOMXVWL 9RGH VH RSVHåQD LVWUDåLYDQMD
XþHVWDORVWLJXELWNDKHWHUR]LJRWQRVWL/2+UHJLMHNURPRVRPDTXNRMRM MHPDSLUDQJHQ*RUOLQRYD
VLQGURPDXSDFLMHQDWDREROMHOLKRGWXPRUDNRMLVXNDUDNWHULVWLþQL]D*RUOLQRYVLQGURP2VLPSDFLMHQDWD
NRML EROXMX RG *RUOLQRYD VLQGURPD SURPDWUDMX VH LVWRYUVQL WXPRUL L X VSRUDGLþQLP VOXþDMHYLPD V
WHåLªWLPD QD WXPRULPD RYDULMD SRQDMSULMH ILEURPD NRML VX GUXJL WXPRU SR XþHVWDORVWL X *RUOLQRYX
VLQGURPX 8] WXPRUVNX SUREOHPDWLNX SDUDOHOQR VH UDGH LVWUDåLYDQMD PDOIRUPDFLMD þLML VH QDVWDQDN
PRåH SURWXPDþLWL KLSRWH]RP GYRVWUXNLK KLWDFD 8 SURJUDP UDGD XNOMXþHQL VX L SRNXVL LQ YLWUR QD
NXOWXUDPD VWDQLFD L]UDGD SULPDUQLK NXOWXUD WH WUDQVIHNFLMD V NRQVWUXNWLPD NRML QRVH GLMHORYH QRYRJ
JHQD
5D]XPLMHYDQMHXORJHQRYRJWXPRUVXSUHVRUDXQHNLPWXPRULPDLUD]YRMQLPPDOIRUPDFLMDPDPRJOREL
SULGRQLMHWL EROMHP UD]XPLMHYDQMX NDUFLQRJHQH]H L PHKDQL]DPD NRQWUROH UDVWD XRSüH WH X NRQDþQLFL
RPRJXüLWLNYDOLWDWLYQHSRPDNHXOLMHþHQMXPDOLJQLKREROMHQMD





 8 WRNX VX LVSLWLYDQMD UD]OLþLWLK WLSRYD FLVWL þHOMXVWL NHUDWRFLVWH UDGLNXODUQH L IROLNXODUQH NOLQLþNR
SDWRORªNLP UDGLRORªNLP L PROHNXOVNLP VWXGLMDPD NRMH XSXüXMX QD UD]OLþLWR SRGULMHWOR XþHVWDORVW WH






*RUOLQ V\QGURPH RU QHYRLG EDVDO FHOO FDUFLQRPD V\QGURPH LV DQ DXWRVRPDO GRPLQDQW GLVRUGHU
FKDUDFWHULVHGE\DZLGHVSHFWUXPRI WXPRXUVRIZKLFKEDVRFHOOXODUFDUFLQRPD LV WKHPRVW IUHTXHQW
DQGZLGHYDULHW\RI GHYHORSPHQWDO GHIHFWV ZLWK MDZ F\VWV SULPDULO\ ,Q RXU UHVHDUFKZH VFUHHQ WKH
*RUOLQV\QGURPH SDWLHQWV DV ZHOO DV WKRVH VSRUDGLF FDVHV RI WKH VDPH WXPRXU W\SHV IRU ORVV RI
KHWHUR]\JRVLW\ /2+ IRUT UHJLRQ WKH UHJLRQZKHUH WKHJHQH LVPDSSHG2YDULDQ ILEURPD LV WKH
VHFRQG WXPRXUE\ DEVROXWH LQFLGHQFH LQ WKH V\QGURPH DQG WKHUH DUH QRGDWD DERXW WKH UROH RI WKH
JHQH LQ WKLV SDUWLFXODU WXPRXU ,Q SDUDOOHO ZLWK WKHPDOLJQDQFLHV ZH DQDO\VH WKHPDOIRUPDWLRQV WKH
GHYHORSPHQWRIZKLFKPLJKWEHH[SODLQHGE\WKHWZRKLWK\SRWKHVLVWKHVDPHSURSRVHGIRUWKHWXPRXU
GHYHORSPHQWDVZHOO:HDOVRSODQWKHLQYLWURH[SHULPHQWVRQFHOOFXOWXUHVDQGWUDQVIHFWLRQVWXGLHV
(OXFLGDWLRQ RI WKH UROH RI QHZ WXPRXUVXSSUHVVRU JHQH LQ VRPH WXPRXUV DQG GHYHORSPHQWDO
PDOIRUPDWLRQVZLOOFRQWULEXWHWRWKHXQGHUVWDQGLQJRIFDUFLQRJHQHVLVDQGJURZWKFRQWUROPHFKDQLVPVLQ
JHQHUDODQGLVOLNHO\WRLQGXFHTXDOLWDWLYHLPSURYHPHQWVLQFDQFHUWKHUDS\




NHUDWRF\VWV &ODVVLILFDWLRQ RI MDZF\VW W\SHV UDGLFXODU IROOLFXODU RU NHUDWRF\VWV LV LQ SURJUHVV
DFFRUGLQJ WR WKHRULJLQ LQFLGHQFHDQGVHYHULW\RIGLDJQRVLV WKURXJKFOLQLFDOSDWKRORJLFDO UDGLRORJLFDO













NDR VXLFLGH JHQ NRULVWL JHQ ]D WLPLGLQ NLQD]X KHUSHV VLPSOH[ YLUXVD +69WN NRML XQHVHQ X
SUROLIHULUDMXüH VWDQLFH þLQL VWDQLFH RVMHWOMLYLPD QD LQDþH QHFLWRWRNVLþQL DQWLYLUDOQL DJHQV JDQFLNORYLU
þLPH VH SRNUHüH PHKDQL]DP VDPRXERMVWYD VWDQLFH 3RVHEQR DWUDNWLYQR VYRMVWYR NRMH VH NRULVWL X
RYRPSULVWXSX OLMHþHQMD MHVWPRJXüQRVWGDVHPHKDQL]DPVDPRXERMVWYDSRNUHQH LXVWDQLFDPDNRMH
QLVX]DUDåHQH+69WNJHQRPDDNRVHQDOD]HXQHSRVUHGQRMEOL]LQL]DUDåHQLKVWDQLFDW]YE\VWDQGHU
XþLQDN 6 RE]LURP QD XVSMHªQR SURYHGHQD SUHOLPLQDUQD LVWUDåLYDQMD QD YLVRNRPHWDVWD]LUDMXüHP
PHODQRPXPLªD 0%%/ FLOM LVWUDåLYDQMD WLMHNRP  JRGLQH ELR MH LVSLWDWL PRåH OL VH OLMHþHQMH
JHQLPD SULPLMHQLWL QD ]ORüXGQH WXPRUH JXªWHUDþH þRYMHND þHVWR QHRVMHWOMLYH QD XRELþDMHQH QDþLQH
OLMHþHQMDFLWRVWDWLFLPDL]UDþHQMHPäHOMHOLVPRUD]ULMHªLWLSLWDQMHXþLQNRYLWRVWLJDQFLNORYLUDWHSULVXWQRVW
‡E\VWDQGHU· XþLQND X SRNXVLPD NRNXOWLYLUDQMD +69WN JHQRP ]DUDåHQLK L QH]DUDåHQLK VWDQLFD




VODELML XþLQDN  XQLªWHQLK VWDQLFD 3RNXVL UD]MDªQMHQMD ‡E\VWDQGHU· XþLQND QD VWDQLFDPD
0%%/SRND]DOLVXGD]DMHGQLþNLX]JRM]DUDåHQLKLQH]DUDåHQLKVWDQLFDXRPMHUXRGQRVQR




UHWURYLUDO YHFWRU LQWR WXPRXU FHOOV ZLWK VXEVHTXHQW DFWLYDWLRQ RI WKH VXLFLGH PHFKDQLVP 7KH JHQH
SUHVHQWO\EHLQJXVHGDVVXLFLGHJHQHLVKHUSHVVLPSOH[YLUXVWK\PLGLQHNLQDVH+69WNJHQHZKLFK
ZKHQLQWURGXFHGLQWRSUROLIHUDWLQJFHOOVUHQGHUVLQIHFWHGFHOOVVHQVLWLYHWRDQRWKHUZLVHQRQWR[LFGUXJ
JDQFLFORYLU 6XFFHVVIXO SUHOLPLQDU\ H[SHULPHQWV FRQGXFWHG RQ PRXVH PHODQRPD KLJKO\ PHWDVWDWLF
%%/FHOOOLQHOHDGXVWRWKHJRDORIRXUVWXG\LQ:HWULHGWRUHVROYHWKHTXHVWLRQZKHWKHUWKH
VDPHW\SHRIWKHUDS\FRXOGEHDSSOLHGRQKXPDQSDQFUHDWLFFDUFLQRPDQHRSODVPZKLFKLVYHU\RIWHQ
LQVHQVLWLYH WR FKHPR DQG UDGLRWKHUDS\ 5HWURYLUDO FRQVWUXFW +69WN WXUQHG RXW WR EH VXLWDEOH IRU
SDQFUHDWLF FDUFLQRPDFHOO LQIHFWLRQ 7KH F\WRWR[LF HIIHFW RI JDQFLFORYLU VKRZHG D GRVHGHSHQGHQW
PDQQHUWKHGRVHRIm0EHLQJWKHPRVWHIIHFWLYH’XULQJDQHLJKWGD\WUHDWPHQWLWLQGXFHGVXLFLGH
RIWXPRXUFHOOV,QWKHH[SHULPHQWVZKHQWKHLQIHFWHGDQGXQLQIHFWHGFHOOVZHUHFRFXOWLYDWHGLQWKH




















3R SUYL MH SXW QDþLQMHQD VWXGLMD JXELWND KHWHUR]LJRWQRVWL /2+ JHQD QP+ X SODQRFHOXODUQLP
NDUFLQRPLPDSOXüD WHXNDUFLQRPLPDEXEUHJD/2+QDVSRPHQXWL ORNXV ULMHWND MHSRMDYDXRED WLSD
WXPRUD SD VH L] GRELYHQLK UH]XOWDWD ]DNOMXþXMH GD JHQ QP+ YMHURMDWQR QHPD ELWQX XORJX X
HNVSUHVLMLQLWLUD]YRMXVSRPHQXWLKWXPRUD8VWDQRYOMHQDMHNRUHODFLMDL]PH XHNVSUHVLMH+(51(8WH
VWDGLMDLSUHåLYOMHQMDREROMHOLKRGUDNDGHEHORJDL]DYUªQRJFULMHYD*HQ+(51(8PRåHSRVOXåLWLNDR
QHRYLVDQSURJQRVWLþNLþLPEHQLNREROMHOLKRGUDNDGHEHORJD L]DYUªQRJFULMHYD7DNR HU MHSRSUYLSXW
DQDOL]LUDQVWDWXVRQNRJHQDLWXPRUVXSUHVRUVNLKJHQDXNRQJHQLWDOQLPVDNURNRNFLJHDOQLPWHUDWRPLPD
8WLPVXWXPRULPDDNWLYLUDQLRQNRJHQLRELWHOMLUDVIRVLMXQWHWXPRUVXSUHVRUVNLJHQLQP+LS
5H]XOWDWL XSXüXMX QD PRJXüX XORJX DNWLYDFLMHLQDNWLYDFLMH VSRPHQXWLK JHQD X QDVWDQNX L UD]YRMX
NRQJHQLWDOQLKVDNURNRNFLJHDOQLKWHUDWRPD0ROHNXOVNRJHQHWLþNDLVWUDåLYDQMDPDOLJQLKLQ]XOLQRPDGDOD
VX]DQLPOMLYHLGRVDGQHSR]QDWHUH]XOWDWHVRE]LURPQDWXPRUVXSUHVRUVNLJHQS1DLPHSRSUYLMH




JHQD FP\F L S *HQ EFO SDN HNVSULPLUDQ MH X YHüHP SRVWRWNX X VWDQLFDPD0/ DOL VH QDNRQ
]UDþHQMD 89 QH PLMHQMD GRN X VWDQLFDPD ]GUDYH VOH]HQH 89 SRMDþDYD HNVSUHVLMX RYRJ JHQD 89
L]D]LYD DSRSWR]X X VWDQLFDPD ]GUDYH VOH]HQH DOL QH L X VWDQLFDPD0/ 3URWHLQ %FOPRJDR EL ELWL
RGJRYRUDQ]DRWSRUQRVWVWDQLFD0/QD89 ,VWUDåLYDQMHXORJHYLUXVDSDSLORPD +39X UD]YRMX UDND
JUOLüDPDWHUQLFH LNDUFLQRPDEXEUHJDGDOR MHQHNHGHILQLWLYQHRGJRYRUH3ULPMHQRPPHWRGH ODQþDQH
UHDNFLMH SROLPHUD]H 3&5 GHILQLWLYQR MH XWYU HQR GD WL YLUXVL QHPDMX QLNDNYX XORJX X UD]YRMX
NDUFLQRPDEXEUHJDªWRMHGRGDQDVXOLWHUDWXULELORVSRUQR,VWRGREQRREMDYOMHQLVXUH]XOWDWL MHGQHRG
QDMRSVHåQLMLK VWXGLMD +39 SRVOMHGQMLK JRGLQD X VYLMHWX 8 WRM MH VWXGLML GHILQLUDQ VWDWXV +39 X åHQD




]D DQDOL]X GLQDPLþQLK PXWDFLMD IUDJLOQRJ ; PHWRGD ORQJ H[SDQG 3&5 9DOMDQRVW WH EU]H PHWRGH
SURELUD SRWYU HQD MH NRQYHQFLRQDOQLPD PROHNXOVNRELRORªNLP PHWRGDPD QSU 6RXWKHUQ EORWLQJ RG
NRMLKMHPH XWLP]QDWQREUåD7DQRYDPHWRGDEU]RJSURELUDREROMHOLKRGGLQDPLþQLKPXWDFLMDPRåH
VH SULPLMHQLWL L ]D GUXJH EROHVWL X]URNRYDQH SURPMHQDPD EURMD WULSOHWD 3URXþDYDQMH GLIHUHQFLMDFLMH L
VD]ULMHYDQMD FUYHQLK NUYQLK VWDQLFD PRGHO +’ VWDQLþQD OLQLMD ELOR MH XVPMHUHQR QD VSR]QDYDQMH
XWMHFDMD IRVIRULODFLMHSURWHLQDQD WHSURFHVH7LMHNRPGLIHUHQFLMDFLMHVWDQLFD+’SRYHüDYDVHNROLþLQD
IRVIRULOLUDQLK SURWHLQD X VWDQLFDPD SDUDOHOQR V SRYHüDQMHP VLQWH]H KHPRJORELQD 8SRWUHERP
VSHFLILþQLKLQKLELWRUD]DUHJXODFLMXUHDNFLMDIRVIRULODFLMHLGHIRVIRULODFLMHSRND]DQRMHGD MHIRVIRULODFLMD
SURWHLQD SRYH]DQD V SURFHVLPD RGJRYRUQLPD ]D GLIHUHQFLMDFLMX +’ VWDQLFD 5H]XOWDWL SRND]XMX GD








2XU UHVXOWV RQ UHQDO FHOO FDUFLQRPDSURYLGH WKHHYLGHQFH IRU WKH ORVV RI KHWHUR]\JRVLW\ IROORZHGE\
PHDQVRIPLFURVDWHOOLWH WDQGHPUHSHDWSRO\PRUSKLVPDW WKHQP+ ORFXV LQ UHQDOFHOO FDUFLQRPD
+RZHYHUVLQFHQRFRUUHODWLRQKDVEHHQIRXQGEHWZHHQWKHWXPRXUVWDJHRUPHWDVWDWLFSRWHQWLDORQWKH
RQHKDQGDQGDOOHOLF ORVVDQGVSHFLILFSURWHLQH[SUHVVLRQRQ WKHRWKHU LWVHHPVWKDWQP+GRHV
QRWSOD\DNH\UROHLQWKHLQYDVLYHQHVVRIWKLVWXPRXUW\SH
1RUPDOFRORQPXFRVDEHQLJQ OHVLRQVDQGDGHQRFDUFLQRPDVFOHDUO\GLIIHUHG LQ WKHH[SUHVVLRQ OHYHOV
DQG KLVWRORJLFDO GLVWULEXWLRQ RI S+(5QHX 1RUPDO PXFRVD ZDV PRVWO\ QHJDWLYH EXW VLJQLILFDQW
QXPEHURIEHQLJQOHVLRQVDQGDGHQRFDUFLQRPDVRYHUH[SUHVVHG+(5QHXSURWHLQ$GHQRFDUFLQRPDV







PXWDWLRQ RI WKH S WXPRXUVXSSUHVVRU JHQH PLJKW SOD\ D UROH LQ WKH GHYHORSPHQW RI PDOLJQDQW
PHWDVWDWLFLQVXOLQRPDV












HQDEOHV WKH DPSOLILFDWLRQ RI QRUPDO SUHPXWDWHG DQG IXOOPXWDWHG DOOHOHV DQG WKHUHIRUH SURYLGHV D












8 WLMHNX  JRGLQH UDGRYL QD L]XþDYDQMX SDWRJHQH]H NURQLþQH OLPIRFLWQH OHXNHPLMH .// GDOL VX
VOMHGHüH UH]XOWDWH  8RþHQD MH SRYLªHQD HNVSUHVLMDQDNXSOMDQMH RQNRSURWHLQD S X 7 VWDQLþQRM
SRSXODFLMLPMHUHQRPHWRGRPSURWRþQH FLWRPHWULMH X SHULIHUQRM NUYL .// EROHVQLND WH MH XWYU HQR GD
SRVWRML ]QDþDMQD NRUHODFLMD L]PH X HNVSUHVLMH WRJ RQNRSURWHLQD L NOLQLþNRJ VWDGLMD EROHVWL 
.RULªWHQMHP QHOLQHDUQH SUHGLNFLMVNH UDþXQDOQH PHWRGH ‡PDFKLQH OHDUQLQJ· RGQRVQR ‡& GHFLVLRQ
WUHH·L]SDQHODRGUD]OLþLWDIHQRWLSVNDVYRMVWYD%L7OLPIRFLWDEROHVQLNDV.//HNVWUDKLUDOLVPRRQH
QDMLQIRUPDWLYQLMHXSRJOHGXSURJQRVWLþNHYULMHGQRVWL7DMHDQDOL]DSRND]DODGDXSDWRJHQH]L.//GYD
SURFHVD þLQL VH LPDMX NOMXþQX XORJX L WR D GHUHJXOLUDQD IXQNFLMD JHQD &’ X %OLPIRFLWLPD L
SRSUDWQDSRMDYDQMHJRYRJD UD]JUDGQRJSURGXNWD V&’XVHUXPX L EQHXUDYQRWHåHQH L IXQNFLMVNL

SURPLMHQMHQH VXESRSXODFLMH &’ 7 OLPIRFLWD X SHULIHUQRM NUYL .// EROHVQLND  3REOLåD DQDOL]D
SRSXODFLMH &’ 7 OLPIRFLWD SRND]DOD MH GD EU]LQD HYROXFLMH EROHVWL NDR L SRMDYD SRSUDWQH
KLSRJDPDJOREXOLQHPLMH EDU GLMHORP RYLVL R PH XVREQLP NYDQWLWDWLYQLP RGQRVLPD L]PH X
QDLYQLKQH]UHOLK&’5$52GYRVWUXNRSR]LWLYQLKLQWHUPHGLMDUQLK&’5$52WH]UHOLKVWDQLFD





PHDVXUHG E\ IORZ F\WRPHWU\ FRUUHODWLQJ ZLWK WKH FOLQLFDO VWDJLQJ  %\ XVLQJ QRQOLQHDU SUHGLFWLRQ
PHWKRG VXFK DV & GHFLVLRQ WUHH DQDO\VLV RI SKHQRW\SLF IHDWXUHV RI OHXNDHPLF FHOOV DQG VHUXP
FRQFHQWUDWLRQ RI V&’ ZH H[WUDFWHG WKRVH PRVW LQIRUPDWLYH DPRQJ WKHP DQG VXEVHTXHQWO\
SHUIRUPHGWKHFODVVLILFDWLRQRI&//DJDLQVW WKHPRGLILHG5DLVWDJLQJV\VWHP ,WKDVEHHQVKRZQWKDW
WKHUHLVDVXEVWDQWLDOFRUUHODWLRQEHWZHHQWKHSHUFHQWDJHRIH[SUHVVLRQRI&’PROHFXOHRQ&’
%FHOOV WKH OHYHO RI V&’ LQ WKH VHUD WKH SHUFHQWDJH RI&’&’5$ DQG DEVROXWH QXPEHU RI
&’&’5$52 7FHOOV DQG YDULRXV FOLQLFDO VWDJHV 3UHGLFWLRQ YHFWRU FRPSRVHG RI WKHLU
FRQFDWHQDWHGYDOXHVZDVDEOHWRDVVRFLDWHFRUUHFWO\FDVHV LQ WKH ORZULVNJURXS5DLVWDJH2
FDVHVLQWKHLQWHUPHGLDWHULVNJURXS5DLVWDJH,DQG,,DQGFDVHVLQWKHKLJKULVNJURXS
5DLVWDJH,,,DQG,9RI&//SDWLHQWV3UHGLFWLYLW\RIWKLVYHFWRUZDVDQGUHVSHFWLYHO\
,W VHHPV WKDW GHUHJXODWHG IXQFWLRQ RI &’ JHQH LQ %FHOOV DFFRPSDQLHG E\ WKH DSSHDUDQFH RI LWV
















,VWUDåXMHVHXþLQDNRSLRLGQLKSHSWLGDPHPEUDQVNLKHQ]LPDNRML LKUD]JUD XMXWHVSHFLILþQLK LQKLELWRUD
UD]JUDGQMHQDVWDQLFHNUYRWYRUQRJWNLYD8SRWUHEOMDYDMXVHNUDWNRURþQHNORQDOQHLGXJRWUDMQHNXOWXUH
NRªWDQH VUåL þRYMHND LOL PLªD L WUDMQH VWDQLþQH OLQLMH OMXGVNRJD LOL PLªMHJ SRGULMHWOD 3UDWL VH XþLQDN
QDYHGHQLKWYDULQDVWDQLþQXSUROLIHUDFLMX LGLIHUHQFLMDFLMXQD L]UDåDYDQMHRSLRLGQLKUHFHSWRUD LSULMHQRV
RSLRLGQLKVLJQDODVDVWDQLþQHPHPEUDQHXFLWRSOD]PX
8NORQDOQLPNXOWXUDPDPLªMHNRªWDQHVUåL1WHUPLQDOQLIUDJPHQWLHQNHIDOLQVNHPROHNXOHRJUDQLþDYDOLVX
SUROLIHUDFLMX JUDQXORFLWQRPDNURIDJQLK PDWLþQLK VWDQLFD PLªMH NRªWDQH VUåL &)8*0 MHGQDNR NDR
FMHORYLWDPROHNXODD VUHGLªQML L&WHUPLQDOQL IUDJPHQWL QLVXELOL GMHORWYRUQL8þLQDNRYLVL R QD]RþQRVWL
DNFHVRUQLKVWDQLFDNRªWDQHVUåLLQHPRåHVHVSULMHþLWLEORNDWRURPRSLRLGQLKUHFHSWRUDQDORNVRQRP7R
XSXüXMHQD]DNOMXþDNGDVHRVWYDUXMHSRVUHGVWYRPDNFHVRUQLKVWDQLFD LPHKDQL]DPDNRML GMHORPLFH
PLPRLOD]HRSLRLGQH UHFHSWRUH7LRUIDQEORNDWRUPHPEUDQVNHHQGRSHSWLGD]H &’ NRMD UD]JUD XMH
HQNHIDOLQH L GUXJH QHXURSHSWLGH SRWLFDR MH SUROLIHUDFLMX &)8*0 X X]RUFLPD NRªWDQH VUåL ]GUDYRJ
GDYDWHOMD L  EROHVQLND V DNXWQRP OLPIRLGQRP LOL PLMHORLGQRP OHXNHPLMRP $// $0/ LOL QRQ
+RGJNLQRYLP OLPIRPRP 1+/ X UHPLVLML 3RWLFDMQL VX XþLQFL RSDåHQL SRQDMYLªH X X]RUFLPD VUåL
EROHVQLNDV7$//WH1+/YLVRNRJVWXSQMDPDOLJQRVWL8]RUFLNRªWDQHVUåLEROHVQLNDVFRPPRQ$//ELOL
VXUHIUDNWHUQLQDXþLQDNWLRUIDQD8GXJRWUDMQRMNXOWXULVWDQLFDNRªWDQHVUåLEROHVQLNDV$//XUHPLVLML
QD]RþQRVWPHWLRQLQHQNHIDOLQD SRWLFDOD MH VWDQLþQX SUROLIHUDFLMX DOL MH VPDQMLYDOD EURM SURJHQLWRUVNLK

VWDQLFD&)8*0$EHUDQWDQVWDQLþQLUDVWRSDåHQXMHGQRMRGNXOWXUDSULSLVDQ MHSRUDVWXUH]LGXDOQLK
OHXNHPLMVNLK VWDQLFD SUHRVWDOLK X UHPLVLMVNRM NRªWDQRM VUåL QDNRQ SURYHGHQH DQWLQHRSODVWLþQH
NHPRWHUDSLMHPLQLPDOQDUH]LGXDOQDEROHVW05’2SLVDQLUH]XOWDWLSRWNUHSOMXMXUDGQXSUHWSRVWDYNXGD
QHXURSHSWLGL HQNHIDOLQL PHPEUDQVNH PHWDORHQGRSHSWLGD]H NRMH LK UD]JUD XMX &’ &’ WH
UD]JUDGQL SURGXNWL HQNHIDOLQVNH PROHNXOH VXGMHOXMX X UHJXODFLML SUROLIHUDFLMH L GLIHUHQFLMDFLMH
SURJHQLWRUVNLKVWDQLFDNUYRWYRUQRJWNLYD5H]XOWDWLVXRSLVDQLXGYMHPDPDJLVWDUVNLPUDGQMDPD
3RVWDYOMHQD MH PHWRGD ]D PMHUHQMH XQXWDUVWDQLþQH NRQFHQWUDFLMH LRQD NDOFLMD NDR VHNXQGDUQRJ
SUHQRVLWHOMD RSLRLGQLK VLJQDOD 8WYU HQL VX RSWLPDOQL SDUDPHWUL ]D UDVW VWDQLþQH OLQLMHPLªMHJ WLPRPD
NRMD L]UDåDYDRSLRLGQH UHFHSWRUH 7UHWPDQ WLK VWDQLFD kRSLRLGQLP DJRQLVWRP VPDQMLR MH L]UDåDYDQMH
RSLRLGQLKUHFHSWRUDQDVWDQLþQRMPHPEUDQLªWRVHPRåHSULSLVDWLUHJXODFLMLUHFHSWRUDQDGROMHDOLSULWRP
QLMHRVODELRQMLKRYDILQLWHWSUHPDOLJDQGX





PDUURZ FHOOV DV ZHOO DV WKH FHOO OLQHV KDYH EHHQ XVHG &HOO SUROLIHUDWLRQ DQG GLIIHUHQWLDWLRQ RSLRLG









RWKHU QHXURSHSWLGHV VWLPXODWHG WKH &)8*0 SUROLIHUDWLRQ LQ ERQH PDUURZ VDPSOHV REWDLQHG IURP
QRUPDO GRQRU DQG IURP  SDWLHQWV ZLWK DFXWHP\HORLG RU O\PSKRLG OHXNDHPLD $0/ $// RU QRQ
+RGJNLQ O\PSKRPD 1+/ LQ UHPLVVLRQ 7KH VWLPXODWRU\ HIIHFWV SUHGRPLQDQWO\ RFFXUUHG LQ ERQH
PDUURZVDPSOHVRIWKHSDWLHQWVZLWK7$//RUZLWKKLJKPDOLJQDQF\JUDGH1+/%RQHPDUURZVDPSOHV
IURP WKH SDWLHQWV ZLWK FRPPRQW\SH $// ZHUH UHIUDFWRU\ WR WKLRUSKDQ ,Q ORQJWHUP ERQH PDUURZ
FXOWXUHRIDSDWLHQWZLWK$// LQ UHPLVVLRQPHWKLRQLQHHQNHSKDOLQVWLPXODWHG WKHFHOOSUROLIHUDWLRQEXW
GHFUHDVHGWKHQXPEHURIWKH&)8*0SURJHQLWRUFHOOV$EHUUDQWFHOOSUROLIHUDWLRQQRWHGLQRQHRIWKH
ORQJWHUP FXOWXUHV ZDV DWWULEXWHG WR D UHFUXGHVFHQFH RI UHVLGXDO OHXNDHPLD FHOOV UHPDLQLQJ LQ WKH
UHPLVVLRQERQHPDUURZDIWHU WKHFRPSOHWLRQRI FKHPRWKHUDS\ WKHPLQLPDO UHVLGXDO GLVHDVH05’
7KHUHVXOWVVXSSRUW WKH LGHDWKDWQHXURSHSWLGHVHQNHSKDOLQV WKHFHOOPHPEUDQHHQ]\PHVGHJUDGLQJ




LQWHULRU KDV EHHQ HVWDEOLVKHG 2SWLPDO SDUDPHWHUV IRU WKH JURZWK RI D PRXVH WK\PRPD FHOO OLQH
H[SUHVVLQJ RSLRLG UHFHSWRUV KDYH EHHQ GHILQHG 7UHDWPHQW RI WKHVH FHOOV ZLWK kRSLRLG UHFHSWRU





















GDYDWHOMD L QMLKRYH VSRVREQRVWL L]OXþLYDQMD UDGLNDOD NLVLND 1HXWURILOL V QLVNRP DPLQRSHSWLGD]QRP
DNWLYQRªüX WUHWLUDQL 0(1.RP RWSXªWDOL VX PDQMH D RQL YLVRNH DPLQRSHSWLGD]QH DNWLYQRVWL YLªH






GR]H FLV’’3D %U$$ SRMDþDYD WRNVLþQR GMHORYDQMH 7L SRGDFL PRJX VH SULSLVDWL UHGXNWLYQRP
RVORED DQMX EURPD XVOLMHG YHüH NRQFHQWUDFLMH PHWDOD SODWLQH 7R GRYRGL GR ªWHWQRJ SRYHüDQMD
RVORED DQMD VDGUåDMD OLSLGQLK SHURNVLGD L SRUDVWD DNWLYQRVWL HQ]LPD MHWUH VDGUåDMD VLMDOLQVNH NLVHOLQH X
VOH]HQLLXUHMHXNUYL
6WDQLFH WLPRPD L]ROLUDQH L] OHXNHPLþQLK$.5PLªHYD SUHNXOWLYLUDQH VDWD X530, SRVOXåLOH VX NDR
VWDQLFHPHWH]D LVSLWLYDQMHWXPRULFLGQHDNWLYQRVWLSHULWRQHDOQLKPDNURIDJDSUHOHXNHPLþQLK$.5PLªHYD
5H]XOWDWL VX SRND]DOL GD MH WXPRULFLGQD DNWLYQRVW SHULWRQHDOQLK PDNURIDJD NRG SHW PMHVHFL VWDULK
SUHOHXNHPLþQLKPLªHYD]QDþDMQRPDQMDFLWRWRNVLþQRVWXRGQRVXQDWXPRULFLGQXDNWLYQRVWPMHVHF





KLJKGHJUHH RI FRUUHODWLRQ EHWZHHQ WKH DPLQRSHSWLGDVH DFWLYLW\ DQG VXSHUR[LGH DQLRQ SURGXFWLRQ IURP
QHXWURSKLOVRIWKHUHVSHFWLYHGRQRU1DPHO\QHXWURSKLOVZLWKKLJKDPLQRSHSWLGDVHDFWLYLW\UHOHDVHGPRUH
DQGWKRVHZLWKORZDPLQRSHSWLGDVHDFWLYLW\OHVVRIVXSHUR[LGHDQLRQWKDQWKHXQWUHDWHGFRQWUROLIWUHDWHG
ZLWK 0(1. $OVR 0(1. FRXOG SULPH QHXWURSKLOV IRU VXSHUR[LGH DQLRQ UHOHDVH LI QHXWURSKLOV ZHUH
VWLPXODWHGZLWK)0/3RU,)1gEXWQRWLIVWLPXODWHGZLWK/36RU30$
,QYHVWLJDWLRQRIWKHHIILFLHQF\RIEURPRGHR[\DVFRUELFDFLG%U$$WRSUHYHQWQHSKURWR[LFHIIHFWVRI
D F\WRVWDWLF DJHQW FLV SODWLQXP FLV ’’3 VKRZHG WKDW WKH QHSKURSURWHFWLYH HIIHFWLYHQHVV RI %U$$
GHSHQGVRQWKHGRVHRIFLV’’37KHWR[LFHIIHFWVRIORZHUGRVHRIFLV’’3DUHPLQRUDIWHUWKHWUHDWPHQW
ZLWK%U$$EXWZLWKODUJHUGRVHRIFLV’’3%U$$H[KLELWVHYHQDPRUHSURQRXQFHGWR[LFLW\WKDQWKH





7KH UHVXOWV GHPRQVWUDWHG WKDW WXPRXULFLGDO DFWLYLW\ RI SHULWRQHDO PDFURSKDJHV IURP PRQWK ROG
SUHOHXNHPLF$.5PLFHZDVVLJQLILFDQWO\GHFUHDVHG F\WRWR[LFLW\ LQ FRPSDULVRQ WR WKH WXPRULFLGDO

DFWLYLW\ RI WKH DQLPDOV RQH PRQWK ROG  F\WRWR[LFLW\ 7KH DJHUHODWHG LPSDLUPHQW RI PDFURSKDJH
















5DG QD WHPL XVPMHUHQ MH QD REOLNRYDQMH L SULSUDYX FMHSLYD WHPHOMHQLK QD YLUXVQLP SRGMHGLQLFDPD L
SHSWLGLPD]DDQWLYLUXVQX]DªWLWXNDRLWHUDSLMXWXPRUVNLKLDXWRLPXQLKEROHVWL
9LUXVQH SRGMHGLQLFH VDþXYDQH SULURGQH JUD H L VDVWDYD GRELYHQH VX NRQWUROLUDQRP VROXELOL]DFLMRP
YLUXVD .YDQWLWDWLYQD L NYDOLWDWLYQD NDUDNWHUL]DFLMD YLUXVQLK SRGMHGLQLFD QDSUDYOMHQD MH NRPELQDFLMRP
LPXQRNHPLMVNLK L PLNURJUDYLPHWULMVNLKPHWRGD 3RGMHGLQLFH YLUXVD QHZFDVWOHVNH EROHVWL SULUH HQH X
REOLNXPRQR LSROLYDOHQWQLKFMHSLYDXYLªHVWUXNRMHPXO]LML YRGDXXOMXXYRGLSRND]DOHVXVH MHGQDNR
XþLQNRYLWHX LPXQR]DªWLWLNDRNRPHUFLMDOQDFMHSLYD0DOHNROLþLQHYLUXVQRJPDWHULMDODELOHVXGRVWDWQH
]D SRWLFDQMH YLVRNH UD]LQH VSHFLILþQLK SURWXWLMHOD L VWYDUDQMH GXJRWUDMQRJ ]DªWLWQRJD LPXQLWHWD EH]
QHåHOMHQLK SRSUDWQLK SRMDYD &MHSLYD WHPHOMHQD QD YLUXVQLP SRGMHGLQLFDPD HNRORªNL VX SRGREQD
.RULªWHQMHPYLªHVWUXNHHPXO]LMHPDORJYLVNR]LWHWDELWQRVHSRMHGQRVWDYLRSRVWXSDNFLMHSOMHQMD
=D SULSUDYX ELRDNWLYQLK SHSWLGD LVSLWDQ MH QL] VXVWDYD OLJDQGUHFHSWRU NDNR EL VH VXNODGQR WHRULML
PROHNXOVNRJ SUHSR]QDYDQMD GHILQLUDOL NRPSOHPHQWDUQL SDURYL DPLQRNLVHOLQD 1D WHPHOMX RYH DQDOL]H
VWYRUHQ MH YODVWLWL PRGHO L UDþXQDOQL SURJUDP ]D SURQDODåHQMH UHSHWLWLYQLK NRPSOHPHQWDUQLK SDURYD
SHSWLGD LJHQVNLK WUDQVNULSDWDQHRYLVQRRHYROXFLMVNRPSRGULMHWOX L VWUXNWXUQLPVYRMVWYLPD6XNODGQR
PRGHOXREOLNRYDQDVXFMHSLYD]DDQWLYLUXVQX]DªWLWXLWHUDSLMXDXWRLPXQLKLPDOLJQLKEROHVWL3RVHEQR
VPR LVSLWLYDOL NRMH VX SRGMHGLQLFH SRYUªLQVNLK SURWHLQD YLUXVD QHZFDVWOHVNH EROHVWL SRJRGQH ]D DQWL




7KH VWXGLHV UHODWHG WR WKLV VXEMHFW DUH RULHQWHG WRZDUGV WKHGHVLJQDQGSUHSDUDWLRQRI WKH YDFFLQHV
EDVHGRQWKHYLUDOVXEXQLWVDQGSHSWLGHVIRUERWKWKHDQWLYLUDOSURWHFWLRQDQGWKHUDS\RIWKHPDOLJQDQW
DQGDXWRLPPXQHGLVHDVHV
9LUDO VXEXQLWV RI SUHVHUYHG QDWXUDO FRPSRVLWLRQ DQG FRQIRUPDWLRQ DUH SUHSDUHG E\ FRQWUROOHG
VROXELOLVDWLRQ RI YLUXVHV 7KH TXDQWLWDWLYH DQG TXDOLWDWLYH FKDUDFWHULVDWLRQV RI YLUDO VXEXQLWV ZHUH
SHUIRUPHGE\DFRPELQDWLRQRI LPPXQRFKHPLFDODQGPLFURJUDYLPHWULFPHWKRGV7KHVXEXQLWVRI WKH
1HZFDVWOHGLVHDVHYLUXVSUHSDUHGDVDPXOWLSOHHPXOVLRQZDWHULQRLOLQZDWHUZHUHSURYHGWREHDV
HIILFDFLRXV IRU WKH LPPXQH SURWHFWLRQ DV FRPPHUFLDOO\DYDLODEOH YDFFLQHV 7KH ORZ TXDQWLW\ RI YLUDO
PDWHULDOZDVVXIILFLHQWIRUJHQHUDWLQJDKLJKOHYHORIVSHFLILFDQWLERGLHVDQGDORQJODVWLQJLPPXQLW\
7RGHILQHWKHFRPSOHPHQWDU\SDLUVRIDPLQRDFLGVUHTXLUHGIRUWKHSUHSDUDWLRQRIELRDFWLYHSHSWLGHVD
QXPEHU RI OLJDQGUHFHSWRU V\VWHPV ZHUH VWXGLHG LQ DFFRUGDQFH ZLWK WKH WKHRU\ RI PROHFXODU
UHFRJQLWLRQ7KLVDQDO\VLVHQDEOHGWKHGHYHORSPHQWRIRXURZQPRGHOVDQGFRPSXWHUSURJUDPPHVIRU
H[SORULQJ UHSHWLWLYH FRPSOHPHQWDU\ SDLUV RI SHSWLGHV DQG JHQH WUDQVFULSWV LQGHSHQGHQWO\ RI
HYROXWLRQDU\RULJLQDQGVWUXFWXUDOFKDUDFWHULVWLFV7KHDQWLYLUDOYDFFLQHVIRULPPXQRSURSK\OD[LVDVZHOO





















DOL MH SUHVD LYDQMH NDNR /R WDNR L QHRQDWDOQRJ SDQNUHDVD SREROMªDOR GLMDEHWLþQR VWDQMH L QHXURSDWLMX 
NDVQX NRPSOLNDFLMX GLMDEHWHVDPLªHYD 3RYLªHQD NRQFHQWUDFLMD DPLOLQD X VHUXPX EROHVQLND RG LQ]XOLQ
QHRYLVQHªHüHUQHEROHVWLL]D]LYDDSRSWRWLþQRUD]DUDQMHEHWDVWDQLFDDUHWURYLUXVQLPYHNWRURP]\SUDVP\F
]DUDåHQH EHWDVWDQLFH SUHVD HQH PLªHYLPD QDUXªDYDMX QMLKRYX WROHUDQFLMX QD JOXNR]X ’RND]DOL VPR
SRVWRMDQMHUD]OLþLWLKWLSRYDSURFHVDUD]DUDQMDEHWDVWDQLFD/RELORXSUHVDWNX LOLXSDQNUHDVXGLMDEHWLþQLK
SULPDWHOMD ’RND]DOL VPR GD MH DXWRLPXQL SURFHV SRWDNQXW VWUHSWR]RWRFLQRP X &%$ PLªHYD SRMDþDQ
GMHORYDQMHPFLWRNLQD,/b ,1)g L71)a3RND]DOLVPRGD WLMHNRPVDWL LQNXEDFLMH/RVDVHUXPRP
RGQRVQR KXPDQLP DPLOLQRP X NXOWXUL WNLYD JRWRYR   EHWD VWDQLFD XPLUH X SURFHVX DSRSWR]H
SRWYU HQRJD QDOD]RP DSRSWRWLþNLK WMHOHªDFD L IUDJPHQWDFLMRP ’1$ 3RYLªHQD NRQFHQWUDFLMD DPLOLQD X
VHUXPX RVRED V LQ]XOLQQHRYLVQLP GLMDEHWHVRP L]D]LYD VLPSWRPH KLSHULQ]XOLQHPLMH L KLSHUJOLNHPLMH
,QNXEDFLMRPL]ROLUDQLK/R]GUDYLKªWDNRUDVDVHUXPRPGLMDEHWLþQLKRVREDRGQRVQRVDPLOLQRPL]D]YDQD
MHDSRSWR]DbVWDQLFD/R3UHVD LYDQMHSDQNUHDVDQHRQDWXVDSRGNDSVXOXEXEUHJDVLQJHQLPGLMDEHWLþQLP
SULPDWHOMLPDNDR L LPSODQWDFLMD LPXQRL]ROLUDQLK PLNURHQNDSVXOLUDQLK/RªWDNRUD LQWUDSHULWRQHDOQR
PLªHYLPD VNUDüXMH ODWHQFLMX NUDWNRJYDOD1HYRFLUDQLKVRPDWRVHQ]RUQLKSRWHQFLMDOD 6(3 ]D  L
SRYHüDYDDPSOLWXGXQD/DWHQFLMHGUXJLKYDOQLKNRPSRQHQWL6(3QSU1L1YUDWLOHVXVHQD
UD]LQX]GUDYLKPLªHYD2YLUH]XOWDWLGRND]XMXRSRUDYDNIXQNFLMHSHULIHUQRJDåLYþDQRJVXVWDYDGLMDEHWLþQLK




F\WRNLQHV 7UDQVSODQWDWLRQ RI /DQJHUKDQV LVOHWV RU QHRQDWDO SDQFUHDV LPSURYHG GLDEHWLF VWDWH DQG
QHXURSDWK\LQPRXVHUHFLSLHQWV+LJKHUOHYHOVRIDP\OLQHLQWKHVHUDRI1,’’0SDWLHQWVFDXVHDSRSWRWLF
GHVWUXFWLRQ RI EHWD FHOOV K\SHULQVXOLQHPLDH DQG K\SHUJOLFDHPLDH %HWD FHOOV LQIHFWHG E\ UHWURYLUXV
]\SUDVP\FDQGWUDQVSODQWHG LQWR&%$PLFHGHWHULRUDWHWKHLUJOXFRVH WROHUDQFHDELOLW\7KHSUHVHQFHRI
YDULRXV W\SHV RI EHWDFHOO GHVWUXFWLRQ LQ WUDQVSODQW /DQJHUKDQV LVOHWV DQG LQ SDQFUHDV RI GLDEHWLF
UHFLSLHQWVZDVGRFXPHQWHG7KHDXJPHQWDWLRQRIDXWRLPPXQHEHWDFHOOGHVWUXFWLRQLQ&%$PLFHLQGXFHG
E\ VWUHSWR]RWRFLQ ZDV HQKDQFHG E\ F\WRNLQH DFWLRQ ,/b ,1)g 71)a 7UDQVSODQWDWLRQ RI QHRQDWDO
SDQFUHDWLF WLVVXHXQGHU WKH NLGQH\ FDSVXOH RI V\QJHQHLF GLDEHWLF UHFLSLHQWV DVZHOO DV LPSODQWDWLRQ RI




















6HUXPL RVRED V LVWRGREQRP R]OMHGRP PR]JD L SULMHORPLPD NRVWLMX X NRMLK MH XRþHQD SRMDþDQD
RVWHRJHQH]D DOL QH L RVWDOLK VNXSLQD R]OLMH HQLK RVRED VWLPXOLUDOL VX LQ YLWUR UDVW VWDQLFD NDOYDULMH
QRYRUR HQRJ ªWDNRUD 7DNDY XþLQDN QLMH RSDåHQ QDPLªMLP ILEUREODVWLPD / WH X VWDQLFDPD NRVWL
RGUDVORJ þRYMHND 0LWRJHQD DNWLYQRVW VHUXPD SRJODYLWR QD VWDQLFH OMXGVNH NRVWL UDVWH XNROLNR VH
XNORQH þLQLWHOML NRML LPDMX DILQLWHW ]D KHSDULQ 1DOD] SRWYU XMH SUHWSRVWDYNX R SRVWRMDQMX VHUXPVNLK
þLQLWHOMD RGJRYRUQLK ]D SRMDþDQX RVWHRJHQH]X 5DQLMD VX LVWUDåLYDQMD SRND]DOD GD KLGURNVLQRQHODO
+1(SRVUHGQLNRNVLGDWLYQRJVWUHVDLQYLWURLQGXFLUDGLIHUHQFLMDFLMXWXPRUVNLKVWDQLFDWHLQKLELUDUDVW
WXPRUD LQ YLYR 8 UDVYMHWOMDYDQMXPRJXüLKPHKDQL]DPD RSDåHQR MH GD VXSUDIL]LRORªNH NRQFHQWUDFLMH
+1( m0 SRMDþDYDMX HNVSUHVLMX FIRV JHQD X VWDQLFDPD +H/D WH L]UD]LWR LQKLELUDMX QMLKRYX
SUROLIHUDFLMX 1D WDM VH UDQL XþLQDN QDGRYH]XMX SURPLMHQMHQD DXWRNULQDSDUDNULQD UHJXODFLMD UDVWD WH
WRNVLþNL XþLQFL +1( 1DGDOMH VLQWH]D +1( X PR]JX SRYHüDQD MH WLMHNRP QHSRWSXQH LVKHPLMH
VLPXODFLMD WUDXPHRYRJRUJDQD L]D]YDQRJDSRGYH]LYDQMHP MHGQHRGDUWHULMDDOL VH WDM DOGHKLGEU]R
LVSHUH L] WNLYDQDNRQUHSHUIX]LMHNUYLNUR]UDQLMHSRGYH]DQHåLOH5D]LQD+1(XX]RUFLPDXWYU HQD MH
SULPMHQRPPRQRNORQVNRJSURWXWLMHOD8]RUFLSOD]PHXSRMHGLQLPID]DPDLVKHPLMHUHSHUIX]LMHPRGXOLUDOL
VXUDVWILEUREODVWDRGQRVQRPRQRQXNOHDUQLKVWDQLFD LQYLWUR ,VKHPLMDX]URNXMHVPDQMHQMHVWLPXODFLMH
UDVWD X RGQRVX QD XþLQNH X]RUDND QRUPDOQH SOD]PH ªWR VH RSRUDYL XEU]R QDNRQ UHSHUIX]LMH D RYL
X]RUFLþDNLVWLPXOLUDMXUDVWPRQRQXNOHDUQLKVWDQLFD.XOWLYLUDQLHNVSODQWLDGHQRPDKLSRIL]HOXþHLQYLWUR
$&7+ EH] RE]LUD MH OL WXPRU ELR NOLQLþNL PDQLIHVWDQ SD SUHWSRVWDYOMDPR GD LQ YLYR SRVWRML





SRGULMHWOD GMHOXMX DQWLWXPRUVNL LQ YLWUR L LQ YLYR 1DJODªHQD MH HOLPLQDFLMD HNVSHULPHQWDOQLK SOXüQLK
PHWDVWD]D UD]OLþLWLK WXPRUD X PLªHYD SRJODYLWR XNROLNR VX QDYHGHQL SULSUDYFL NRPELQLUDQL V
FLWRVWDWLFLPD1DGDOMHSULPMHQRPSULSUDYDND ORNDOQL WXPRU]DRVWDMHX UDVWXXRGQRVXQDNRQWUROHX]




ODVHUH ’RELYHQD MH NXOWXUD ILEUREODVWD OMXGVNH NRåH L X WLMHNX VX SULSUHPH ]D SRNXVH V X]RUFLPD




6HUD RI WKH SDWLHQWV VXIIHULQJ IURP ERQH IUDFWXUH FRPELQHGZLWK EUDLQ LQMXU\ DQG FKDUDFWHULVHGZLWK
SURQRXQFHGRVWHRJHQHVLV VWLPXODWHG WKHSUROLIHUDWLRQ RI QHZERUQ UDW FDOYDULD FHOOV LQ YLWUR )XUWKHU






LQ YLWUR DQG WR LQKLELW WXPRXU JURZWK LQ YLYR ,W ZDV IXUWKHU REVHUYHG WKDW VXSUDSK\VLRORJLFDO
FRQFHQWUDWLRQRI+1(m0VWLPXODWHG WKHH[SUHVVLRQRIFIRVJHQH LQ+H/DFHOOVDQGVLJQLILFDQWO\
LQKLELWHG SUROLIHUDWLRQ RI WKHVH FHOOV $IWHU WKHVH LQLWLDO HYHQWV WKH FKDQJHV LQ JURZWK UHJXODWLRQ E\
DXWRFULQHSDUDFULQHPHFKDQLVPVDVZHOO DVE\ WR[LF LQIOXHQFHRI +1( EHFRPHSURPLQHQW )XUWKHU
GXULQJ WKH LQFRPSOHWH LVFKHPLD LQ EUDLQ LQGXFHGE\ FORVLQJRQH RI WKH DUWHULHV WKH VLPXODWLRQ RI D
WUDXPDWKHV\QWKHVLVRI+1(LQFUHDVHGORFDOO\+RZHYHUWKLVDOGHKLGHZDVZDVKHGRXWIURPWKHEUDLQ
IROORZLQJEORRGUHSHUIXVLRQWKURXJKSUHYLRXVO\RFFOXGHGDUWHU\7KHOHYHORI+1(LQWLVVXHVSHFLPHQV
ZDV GHWHUPLQHG E\ XVLQJ VSHFLILFPRQRFORQDO DQWLERGLHV 3ODVPD VSHFLPHQV FROOHFWHG LQ SDUWLFXODU
LVFKHPLDUHSHUIXVLRQ LQWHUYDOV LQEUDLQZHUHDEOH WRPRGLI\ ILEUREODVWVRUPRQRQXFOHDUFHOOJURZWK LQ
YLWUR UHVSHFWLYHO\ ,VFKHPLD UHVXOWHG LQ DQ LQKLELWLRQ RI WKH JURZWK VWLPXODWLQJ FDSDFLW\ RI QRUPDO
SODVPD+RZHYHU IROORZLQJUHSHUIXVLRQWKH LQKLELWLRQGLVDSSHDUHGDQGSODVPDVSHFLPHQVZHUHHYHQ
DEOH WR VWLPXODWH WKH JURZWK RI PRQRQXFOHDU FHOOV ,Q WKH H[WHQGLQJ VWXGLHV RQ SLQHDO DGHQRPD
FXOWLYDWHG LQYLWUR LWZDVGHWHUPLQHG WKDW WKHVHFUHWLRQRI$&7+ZDVSURQRXQFHG UHJDUGOHVVRI LWV LQ
YLYR DFWLYLW\ ,W KDV EHHQ SURSRVHG WKDW SDUWLFXODU QHXURHQGRFULQH RU V\VWHPLF IDFWRU UHJXODWLQJ WKH
UHOHDVH RI KRUPRQH IURP DGHQRPDV H[LVWV LQ WKH RUJDQLVP 7KH IDFWRU HQWLWOHG 7%3 FRXOG EH
UHVSRQVLEOH IRU WKH LQIOXHQFHRIKXPDQSODVPDXOWUDILOWUDWHRQSLQHDODGHQRPDDQGRQQRUPDOSLQHDO
JODG FHOO UHVSHFWLYHO\ 7KH XOWUDILOWUDWH VWURQJO\ LQKLELWHG $&7+ OLEHUDWLRQ LQ WKH FXOWXUH RI DGHQRPD
QRWDEO\VHFUHWLQJWKHKRUPRQHLQYLYR2QWKHFRQWUDU\DSURQRXQFHGVWLPXODWLRQRIKRUPRQHVHFUHWLRQ
LQ YLWUR ZDV REVHUYHG IURP WKH VSHFLPHQV REWDLQHG IURP WKH WXPRXUV FKDUDFWHULVHG E\ YHU\ ORZ
KRUPRQHSURGXFWLRQ+RZHYHUWKHUHZDVQRLQIOXHQFHRQQRUPDOSLQHDOFHOOV([WUDFWVSUHSDUHGIURP
SODQW ,VRUHO RU DQLPDO 3RO\HUJD WLVVXHV VKRZHG DQWLWXPRXURXV DFWLRQ LQ YLWUR DQG LQ YLYR $
VLJQLILFDQW UHGXFWLRQRI H[SHULPHQWDO OXQJPHWDVWDVLV QXPEHU IRU GLIIHUHQWPRXVH WXPRXUV KDV EHHQ
REVHUYHG SDUWLFXODUO\ LI WKH H[WUDFWV ZHUH FRPELQHG ZLWK FKHPRWKHUDS\ )XUWKHU WKH JURZWK RI
H[SHULPHQWDOWXPRXUVLQPLFHWUHDWHGZLWKWKHH[WUDFWVZDVVLJQLILFDQWO\VXSSUHVVHG7KHWXPRXUVZHUH




GDWD SUHVHQWHG LQ WKH OLWHUDWXUH E\ WKH DXWKRUV XVLQJ GLIIHUHQW ODVHU V\VWHPV 7KH FXOWXUH RI KXPDQ
ILEUREODVWVZLOOEHXVHGWRFXOWLYDWHWKHVSHFLPHQVREWDLQHGGXULQJSDUWLFXODULQWHUYDOVRIZRXQGKHDOLQJ
2XU SURMHFW RQ FOLQLFDO DSSURDFK WR SKRWRG\QDPLF WKHUDS\ RI WXPRXURXV SDWLHQWV DV ZHOO DV WKH
H[WHQVLRQRIRXUVWXGLHVRQ LQYLWURDQG LQYLYRPRGHOVZDVSUHVHQWHGWRWKH0LQLVWU\RI6FLHQFHDQG













QDMEROML DQWLWXPRUVNL XþLQDN WH RGUHGLWL QDMSRGHVQLML YUHPHQVNL LQWHUYDO RED WHUDSLMVND PRGDOLWHWD
2þHNXMHPRGDüHGRELYHQL UH]XOWDWL SREROMªDWL VDGDªQMH WHUDSLMVNHSURWRNROH L GRYHVWL GR XVSMHªQLMHJ





OLMHND PRJX XVSRULWL UDVW NDUFLQRPD GRMNH PLªD $QWLWXPRUVNL XþLQDN LIRVIDPLGD ]QDWQR MH MDþL RG
HWRSR]LGD 8 NRPELQLUDQRM SULPMHQL LIRVIDPLGD L KLSHUWHUPLMH DQWLWXPRUVNL XþLQDN MH QDMMDþL DNR VH
LIRVIDPLG SULPLMHQL QHSRVUHGQR SULMH KLSHUWHUPLMH GDMXüL RPMHU XVSMHªQRVWL WHUDSLMH  X RGQRVX QD
PRQRWHUDSLMX0H XWLPNRPELQLUDQDSULPMHQDHWRSR]LGDLKLSHUWHUPLMHGDMHQDMMDþLDQWLWXPRUVNLXþLQDN
NDGVHHWRSR]LGSULPLMHQLLOLVDWDSULMHKLSHUWHUPLMHGDMXüLRPMHUXVSLMHªQRVWLWHUDSLMH
3UHPD QDYHGHQLP SRGDFLPD YLGOMLYR MH GD VH HWRSR]LG PRUD SULPLMHQLWL PLQLPDOQR  VDWL SULMH
KLSHUWHUPLMH NDNR EL VH SRVWLJDR VLQHUJLVWLþNL XþLQDN D QLNDNR QH LVWRGREQR ’D EL VH SRVWLJDR
VLQHUJLVWLþNLDQWLWXPRUVNLXþLQDNLIRVIDPLGVHPRUDSULPLMHQLWLLVWRGREQRVKLSHUWHUPLMRP
8VXUDGQMLVGUVF-DQMRP0DNDUHYLü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3RVOLMHGLSORPVNL VWXGLM L] YHWHULQDUVNH PHGLFLQH
9HWHULQDUVNL IDNXOWHW6YHXþLOLªWHX=DJUHEXªNJRG
L
0HWRGH UDGD X PHGLFLQVNRM FLWRORJLML 0ROHNXODUQD
JHQHWLNDUDND
3UHGDYDþ3DYHOLü.
3RVOLMHGLSORPVNL VWXGLM L] PHGLFLQVNH FLWRORJLMH




3RVOLMHGLSORPVNL VWXGLM L] NOLQLþNH LPXQRORJLMH








3RVOLMHGLSORPVNL VWXGLM L] NOLQLþNH LPXQRORJLMH
0HGLFLQVNL IDNXOWHW 6YHXþLOLªWH X 5LMHNFL ªN JRG

1HXURLPXQRORJLMD







3RVOLMHGLSORPVNL VWXGLM L] SHGLMDWULMH 0HGLFLQVNL
IDNXOWHW6YHXþLOLªWHX=DJUHEXªNJRG
3VLKRVRPDWVNLDVSHNWLLPXQLWHWD
3UHGDYDþ %DORJ 7 %RUDQLü 0 0DURWWL 7 0FN
âHOHU’3LYDF1
3RVOLMHGLSORPVNL VWXGLM L] NOLQLþNH LPXQRORJLMH L




3RVOLMHGLSORPVNL VWXGLM L] QHXURHQGRNULQRORJLMH




3RVOLMHGLSORPVNL VWXGLM L] ELRORJLMH 3ULURGRVORYQR
PDWHPDWLþNLIDNXOWHW6YHXþLOLªWHX=DJUHEXªNJRG

.HPRWHUDSLMD L LPXQRORªNL RGQRVL X JLQHNRORªNRM
RQNRORJLML
3UHGDYDþ-XULQ0





3RVOLMHGLSORPVNL VWXGLM L] X]JRMD L SDWRORJLMH































)DUPDFHXWVNRELRNHPLMVNL IDNXOWHW =DJUHE ªN JRG

=QDQVWYHQR L VWUXþQR XVDYUªDYDQMH X
LQR]HPVWYX
+DEHUVWRFN’HELü + 8QLYHUVLW\ RI 6DQ )UDQFLVFR
&DOLIRUQLD 86$ 1LQD ,UHODQG /DERUDWRU\




$QWLFD 0 ,QVWLWXW IU ,PPXQRORJLH *6)
+HPDWRORJLNXP 0QFKHQ 1MHPDþND 
]QDQVWYHQRLVWUDåLYDþNDVXUDGQMD
$QWLFD 0 0D\R &DQFHU )RXQGDWLRQ 5RFKHVWHU
0LQQHVRWD6$’]QDQVWYHQR
LVWUDåLYDþNDVXUDGQMD
$QWLFD 0 ,QVWLWXW IU ,PPXQRORJLH *6)
+HPDWRORJLNXP 0QFKHQ 1MHPDþND 
]QDQVWYHQRLVWUDåLYDþNDVXUDGQMD







 5DGDþLü 0 +RUVPDQ 0 5 ýHSXOLü (
2YHUJDDUG - +HDW SRWHQWLDWHG WKH HIIHFW RI
DQWLWXPRXUGUXJVSUHGDYDQMH
7+ ,17(51$7,21$/ &21)(5(1&( 21




 0DªLü 1 âWDPEXN 1 0DFKLQH OHDUQLQJ
DSSURDFK WR WKH DQDO\VLV RI WKH SHSWLGH LQGXFHG
LPPXQHUHVSRQVHSUHGDYDQMH
 3RNULü % 3UHFLSLWDWLRQ DW HTXLYDOHQFH DQG
HTXLOLEULXP  $ PHWKRG  IRU WKH GHWHUPLQDWLRQ RI
DVVRFLDWLRQ FRQVWDQWV RI SRO\FORQDO DQWLERGLHV
UDLVHG DJDLQVW D PXOWLGHWHUPLQDQW DQWLJHQ
SR]YDQRSUHGDYDQMH
 5XQGHN7âWDPEXN1%ULQDU95XGROI0
5DEDWLü 6 6YRERGD%HXVDQ , 0DåXUDQ 5
0DUXªLü’HOOD 0DULQD % 7UERMHYLüýHSH 0
0DUWLQLü 5 3RNULü % 6HOHFWLYH PRGXODWLRQ RI
WKH LPPXQH UHVSRQVH  $SSOLFDWLRQ LQ FOLQLFDO
QHXURORJ\SUHGDYDQMH
 âWDPEXN 10RGHOOLQJ RI WKH LPPXQH V\VWHP
SR]YDQRSUHGDYDQMH
+59$76.$352/-(71$3(’,-$75,-6.$â.2/$




 %RUDQLü 0 *HQHWLND QHRSODVWLþQRJ UDVWD
SR]YDQRSUHGDYDQMH
 +HüLPRYLü 6 1DVOMHGQH EROHVWL X]URNRYDQH
















 3DYHOLü . 8YRG X PROHNXODUQX JHQHWLNX
SR]YDQRSUHGDYDQMH
 +HüLPRYLü 6 0ROHNXODUQD GLMDJQRVWLND X
QHXURJHQHWLFL SULPMHU VLQGURPD IUDJLOQRJ ; L
+XQWLQJWRQRYHEROHVWLSR]YDQRSUHGDYDQMH
 .DSLWDQRYLü 6 0ROHNXODUQD JHQHWLND
QHXURILEURPDWR]HWLSD,SR]YDQRSUHGDYDQMH





 +HUDN %RVQDU 0 3DYHOLü . +UDªüDQ 5
=HOMNR ä .UKHQ , 0DUHNRYLü = .ULåDQDF â
3DYHOLü-/RVVRIKHWHUR]\JRVLW\RIWKHQP+
JHQHLQKXPDQUHQDOFDUFLQRPDSUHGDYDQMH




 .DWXªLü 6 %DULªLü , /LJXWLü , 3DYHOLü .
([SDQGORQJ3&5IRUIUDJLOH;PXWDWLRQGHWHFWLRQ
SRVWHU












6UªDQ 9 0HWHONR ä (GXFDWLRQDO PXOWLPHGLD
VXUYH\RIGLDEHWHVPHOOLWXVSRVWHU
 +DGåLMD 0 3DYLü 0 3DSH0HGYLGRYLü (
6OLMHSþHYLü07KHUROHRIFRVWLPXODWHGVLJQDO LQ
DXWRLPPXQH SURFHVV DQG WUDQVSODWDWLRQ UHDFWLRQ
SRVWHU
 3DYHOLü.9R HQMHUDVSUDYHRSRVWHULPD
 6OLMHSþHYLü 0 %MHJRYLü 0 +DGåLMD 0
ßHWNRYLü&YUOMH 0 ’RHV SDQFUHDV RU LVOHW
WUDQVSODQWDWLRQ FRUUHFW GLDEHWLF QHXURSDWK\ LQ
PLFH"SRVWHU
 7XUN = 0LªXU , +DGåLMD 0 6OLMHSþHYLü 0









 3DYHOLü . 3DYHOLü - *RULªHN - 3LQWHU ä






 *DOO7URªHOM . 3UHVLPSWRPDWVNR RWNULYDQMH
PHGXODUQRJ NDUFLQRPD ªWLWQMDþH PHWRGDPD






 3DYHOLü % /HYDQDW 6 0DQRMORYLü 6 3HULü






1LWULF R[LGH SURGXFWLRQ E\ SHULWRQHDOPDFURSKDJHV
LQGXFHG E\ SHQWDSHSWLGHGLVVDFFKDULGH IURP %
GLYDULFDWXPDQGVRPHRILWVGHULYDWLYHVSRVWHU
 %DORJ 7 0DURWWL 7 0DåXUDQ 5 5RþLü %
+UªDN ,0DFURSKDJHGHULYHG QLWULF R[LGH LQGXFHG
LQYLYRRULQYLWURE\PHWKLRQLQHHQNHSKDOLQSRVWHU
 *DEULORYDF-%UHOMDN’%DORJ70DURWWL7,Q
YLYR HQKDQFHPHQW RI F\WRWR[LF DFWLYLW\ RI PRXVH
SHULWRQHDOPDFURSKDJHVE\PHWHQNHSKDOLQSRVWHU
 0DUWLQ .OHLQHU , %LGODFN -0 &KURQLF RSLRLG
WUHDWPHQW OHDGV WR GRZQUHJXODWLRQ RI NDSSD






 .RSMDU 1 âHQWLMD . âWDPEXN 1 *DUDM
9UKRYDF 9 +DGåLMD 0 0DUXªLü’HOOD 0DULQD
%ýXOLü 6 3RNULü % 7KH LQ YLWUR F\WRJHQHWLFV




&HOOXODU LPPXQH UHVSRQVH WR 3HSWLG0 /XSH[©
YDFFLQDWLRQLQPXOWLSOHVFOHURVLVDQGRSWLFQHXULWLV
XVPHQRL]ODJDQMH
 3RNULü % 7KH GHWHUPLQDWLRQ RI DVVRFLDWLRQ
FRQVWDQWVRISRO\FORQDODQWLERGLHVUDLVHGDJDLQVWD
PXOWLGHWHUPLQDQWDQWLJHQSR]YDQRSUHGDYDQMH
 âWDPEXN 1 0DUWLQLV ’ 0DUWLQLV 0 3RNULü
% 6LPSOH WKUHHVWHS PHWKRG IRU WKH DQDO\VLV RI
UHSHWLWLYHSURWHLQPRWLIVSR]YDQRSUHGDYDQMH
 âWDPEXN 1 0DªLü 1 0DFKLQH OHDUQLQJ
DSSURDFKWRWKHDQDO\VLVRIWKHLPPXQHUHVSRQVH






 *UGLªD 0 ’RHV F$03 UHJXODWH WKH
GLIIHUHQWLDWLRQRI+’FHOOVSRVWHU
 0RQWDQD99UEDQHF’0LOLQ&5DGRªHYLü







 %RUDQLü 0 6WDQRYLü 6 %UHOMDN ’
(QNHSKDOLQV HQNHSKDOLQ IUDJPHQWV DQG
HQNHSKDOLQDVH &’&$//$ LQKLELWRUV DIIHFW
KHPDWRSRLHVLVLQYLWURSR]YDQRSUHGDYDQMH
 9LWDOH % 5DEDWLü 6 *DJUR $ 6DELRQFHOOR
$.XªHF5’DªLü*%HQGHOMD.-DNªLü%









WXPRU JUDGH LQ VTXDPRXV FHOO FDUFLQRPD RI WKH
FHUYL[FRUUHODWHVZLWK\HDUVXUYLYDOSRVWHU





 6DYLü 9 %L LQ = ýMDYHF 6 (UJRWLü 1
6WDQþLü 0 3RNULü % (SLGHPLF RI LQIHFWLRXV
EXUVDO GLVHDVH LQ &URDWLD GXULQJ  ,,
,PPXQRSURSK\OD[LVRIEURLOHUVSRVWHU




 6ODGH 1 *DOHWLü , 3DYHOLü . 3DYHOLü -
5HWURYLUDO WUDQVIHU RI KHUSHV VLPSOH[ YLUXV
WK\PLGLQH NLQDVH JHQH LQWR FDQFHU FHOO OLQHV
SUHGDYDQMH




 /HYDQDW 6 &UQLü , 3DYHOLü % âLWXP 0
%DOH $ ( 7KH *RUOLQ V\QGRUPH JHQH D QHZ
WXPRU VXSSUHVVRU LQ FDQFHU DQG GHYHORSPHQWDO
GHIHFWVSR]YDQRSUHGDYDQMH
9,,7+717(51$7,21$/3$5929,586:25.6+23
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3DYHOLü.6FUHHQLQJRI$$9 W\SH’1$ LQ WKH
SHULSKHUDO EORRG WKH XWHULQH FHUYL[ DQG WKH






 *UFH 0 +XVQMDN . 3DYHOLü . 6FUHHQLQJ
DQG W\SLQJ RI KXPDQ SDSLOORPDYLUXVHV DPRQJ
&URDWLDQZRPHQSRVWHU






+UªDN , 7KH PHFKDQLVPV RI PHWHQNHSKDOLQ






 %MHJRYLü 0 6OLMHSþHYLü 0 6RPDWRVHQVRU\
HYRNHGSRWHQWLDOV LQH[SHULPHQWDO URGHQWV WUHDWHG
E\PHWKDGRQHSRVWHU




 $QWLFD 0 *HQH IXQFWLRQ UHJXODWLRQ SR]YDQR
SUHGDYDQMH
 *DOO7URªHOM . 3RO\PHUDVH FKDLQ UHDFWLRQ
3&5SR]YDQRSUHGDYDQMH
 +HüLPRYLü 6 ([SDQG ORQJ 3&5 SR]YDQR
SUHGDYDQMH
 .DSLWDQRYLü 6 0XWDWLRQDO DQDO\VLV 66&3
KHWHURGXSOH[DQDO\VLVSR]YDQRSUHGDYDQMH
 /HYDQDW 6 3RVLWLRQDO DQG IXQFWLRQDO FORQLQJ
SR]YDQRSUHGDYDQMH
 3DYHOLü - +XPDQL JHQRP SR]YDQR
SUHGDYDQMH




 &UQLü , /HYDQDW 6 âLWXP 0 0ROHFXODU
DQDO\VLVRI1%&&6UHJLRQLQRQH*RUOLQV\QGURPH
IDPLO\SUHGDYDQMH




T GHOHWLRQV LQ *RUOLQ V\QGURPH UHJLRQ $
WZRKLW PHFKDQLVP IRU GHYHORSPHQWDO GHIHFWV
SR]YDQRSUHGDYDQMH
 6DXOLJ7+HüLPRYLü6%DULªLü,3DYHOLü.
’LDJQRVLV RI ’XFKHQQH DQG %HFNHU PXVFXODU
G\VWURSKLHVE\PXOWLSOH[3&5SUHGDYDQMH




âNDUSD , 3DYHOLü . 0ROHFXODU GLDJQRVLV RI
+XQJWLQJWRQ
VGLVHDVHLQ&URDWLDSUHGDYDQMH





+XPDQ SDSLOORPDYLUXV ’1$ GHWHFWLRQ DQG W\SLQJ
LQ PHQ ZLWK KXPDQ SDSLOORPDYLUXV JHQLWDO
LQIHFWLRQVSRVWHU




 $QWLFD 0 7 O\PSKRF\WH GHYHORSPHQW DQG
FRPPLWPHQWSR]YDQRSUHGDYDQMH





 3RNULü % ýDMDYHF 6 &L]HOM $ %L LQ =
9DFFLQDWLRQ RI EURLOHUV SRVVHVVLQJ PDWHUQDO






 3DYHOLü . %LRORJLMD WXPRUVNH VWDQLFH
RQNRJHQH]D L PHWDVWD]LUDQMH SR]YDQR
SUHGDYDQMH




 âWDPEXN 1 %ULQDU 9 %U]RYLü = =XUDN 1
0DUXªLü’HOOD0%.DUDPDQ.âWDPEXN9




UHVSRQVH LQ PXOWLSOH VFOHURVLV DQG RSWLF QHXULWLV
GXULQJ3HSWLG0/XSH[©WKHUDS\SRVWHU




 .RSMDU 1 âHQWLMD . âWDPEXN 1 *DUDM
9UKRYDF 9 +DGåLMD 0 0DUXªLü’HOOD 0DULQD
% 8JULQRYLü 1 6YRERGD = âWDPEXN 9
(IIHFWV RI 3HSWLG0 /XSH[© RQ FHOOXODU
F\WRJHQHWLF ILQGLQJV DQG DSRSWRVLV LQ XYHLWLV DQG
UHWLQRSDWK\SRVWHU
 âWDPEXN 1 2Q WKH RSWLPL]DWLRQ RI
FRPSOHPHQWDU\SURWHLQSRVWHU
 âWDPEXN1%ULQDU9âWDPEXN96YRERGD
%HXVDQ , 0DåXUDQ 5 5DEDWLü 6 0DUXªLü
’HOOD 0DULQD % =XUDN 1 %U]RYLü = 5XGROI
07UERMHYLüýHSH00DUWLQLü50DOHQLFD%
*DJUR $ .DUDPDQ . 6XþLü = ’XMPRY ,
3RNULü % 3HSWLG0 /XSH[' HIIHFWV RQ WKH
LPPXQH UHVSRQVH DQG FOLQLFDO VWDWXV LQ XYHLWLV
RSWLF QHXULWLV DQG PXOWLSOH VFOHURVLV XVPHQR
L]ODJDQMH
 âWDPEXN 1 0DªLü 1 0DFKLQH OHDUQLQJ
DSSURDFK WR WKH DQDO\VLV RI 3HSWLG0 /XSH[©
LPPXQRWKHUDS\SRVWHU
,17(51$7,21$/ 6<0326,80 ‡5(/(9$1&( 2)




 5DGDþLü 0 +RUVPDQ 05 5DGDþLü 0
6WRMNRYLü5ýRYLü’ %XUD02YHUJDDUG -
7XPRXU JURZWK LQ PRXVH IRRWSDG  0RGHO IRU














H[SUHVVLRQ RI %&/ SURWHLQ LQ QRQLUUDGLDWHG RU
89&LUUDGLDWHG PXUULQH P\HORLG OHXNHPLD 0/
FHOOVSRVWHU
 5DGDþLü0+RUVPDQ052YHUJDDUG-7KH
XVH RI WULPRGDO 5DGLR&KHPR+\SHUWKHUPLD
WHUDS\ LQ WKH WUHDWPHQW RI H[SHULPHQWDO WXPRXUV
SUHGDYDQMH











%HXVDQ , 0DåXUDQ 5 5DEDWLü 6 0DUXªLü
’HOOD0DULQD% %U]RYLü =0DURWWL 7 âYHUNR
9 5XGROI 0 0DUWLQLü 5 =XUDN 1 0DOHQLFD
% *DJUR $ 3RNULü % (IIHFWV RI 3HSWLG0
/XSH[' RQ FOLQLFDO ILQGLQJV DQG LPPXQH
UHVSRQVH LQ XYHLWLV RSWLF QHXULWLV DQG PXOWLSOH
VFOHURVLVXVPHQRL]ODJDQMH
 âWDPEXN 1 6&$  1HZ PHWKRG IRU SHSWLGH
GUXJGHVLJQXVPHQRL]ODJDQMH





6UªDQ 9 0HWHONR ä 0XOWLPHGLMDHGXNDWLYQL
SULVWXSOLMHþHQMXªHüHUQHEROHVWLSUHGDYDQMH

7+( UG 5(*,21$/ 0((7,1* 86$&(175$/




 0DUWLQ.OHLQHU , %LGODFN -0 7KH HIIHFW RI
DFXWHDQGFKURQLFWUHDWPHQWRIPRXVHWK\PRPD
FHOOOLQHVZLWKNDSSDRSLRLGDJRQLVWSRVWHU




 %DORJ 7 0DURWWL 7 $EUDPLü 0 6YRERGD
%HXVHQ , 7KH UROH RI DPLQRSHSWLGDVHV LQ PHW
HQNHSKDOLQ PRGXODWHG VXSHUR[LGH DQLRQ UHOHDVH
SRVWHU
 %DORJ 7 0DURWWL 7 0DåXUDQ 5 5RþLü %
,QGXFWLRQ RI QLWULF R[LGH LQ YLYR RU LQ YLWUR E\
PHWKLRQLQHHQNHSKDOLQSUHGDYDQMH
 %UHOMDN’%RUDQLü0+RUYDWâ2OLJRSHSWLGH
IUDJPHQWV RI WKH HQNHSKDOLQ PROHFXOH LQWHUIHUH
ZLWKKHPDWRSRLHWLFFHOOFRORQ\IRUPDWLRQSRVWHU
 ’RPLQLV 0 ’åHEUR 6 .XªLü % $QWLFD 0
,QIODPPDWRU\SVHXGRWXPRUVSRVWHU
 *DEULORYDF - %UHOMDN ’ %DORJ 70DURWWL 7
0HWHQNHSKDOLQ HQKDQFHV F\WRWR[LF DFWLYLW\ RI
PRXVHSHULWRQHDOPDFURSKDJHVLQYLYRSRVWHU
 +DGåLMD 0 3DYLü 0 3RSRYLü+DGåLMD 0
6OLMHSþHYLü 0 7KH IXQGDWLRQ RI FRVWLPXODWHG
VLJQDOLQ12’PLFHSRVWHU
 +HUDN%RVQDU 0 %DþLü 6 $QWLFD 0 ,NDURV
JHQH H[SUHVVLRQ LQ KXPDQ O\PSKRLG GLVRUGHUV
SUHGDYDQMH
 .ULåDQDF%HQJH]/M0F6ZHHQH\3$6DQWRV
(% 6DQGPDLHU %0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SRVHELFH RQLK NRML GMHOXMX SXWHP *$%$ L +7 VXVWDYD SURªLUHQMX WHPHOMQLK VSR]QDMD R IXQNFLML
*$%$HUJLþQLK L VHURWRQLQHUJLþQLK QHXURQD NDR L R QMLKRYRM LQWHUDNFLML V HQGRNULQLP VXVWDYRP WH
UD]MDªQMHQMXHWLRSDWRJHQH]HSVLKLMDWULMVNLKSRUHPHüDMDLSDWRIL]LRORJLMHVWUHVD
1DVWDYOMHQDVXIDUPDNRORªNDLVWUDåLYDQMDQHGDYQRUD]YLMHQHVWDELOQHVWDQLþQHOLQLMHNRMDHNVSULPLUDabgV
SRGWLS *$%$$ UHFHSWRUD ’D EL LVWUDåLOL VYRMVWYD YH]QLK PMHVWD ]D EHQ]RGLD]HSLQH L NRQYXO]LYH XQXWDU
UHNRPELQDQWQRJ *$%$$ UHFHSWRUVNRJ NRPSOHNVD SULPLMHQLOL VPR PHWRGX YH]DQMD ‡ELQGLQJ·
+
IOXQLWUD]HSDPD L +7%2% ]D PHPEUDQH KXPDQLK HPEULRQDOQLK EXEUHåQLK VWDQLFD +(.  KXPDQ
HPEU\RQLFNLGQH\FHOOVVWDELOQRWUDQVIHNWLUDQLKVREOLNRPabgV*$%$$UHFHSWRUD*$%$MHVPDQMLOD.G
]D +IOXQLWUD]HSDPQRQLMH XWMHFDOD QDPDNVLPDOQL EURM EHQ]RGLD]HSLQVNLK YH]QLKPMHVWD8 VNODGX V
RþHNLYDQMHPWLRSHQWDOL*$%$SRYHüDOLVXRYLVQRRNRQFHQWUDFLMLYH]DQMH+IOXQLWUD]HSDPD)OXPD]HQLO
LNORQD]HSDPELOLVXSRWHQWQLMLQHJRGLD]HSDPQRPDQMHSRWHQWQLRGIOXQLWUD]HSDPDX LQKLELFLMLYH]DQMD
+IOXQLWUD]HSDPD 7%2% SLNURWRNVLQ L *$%$ LQKLELUDOL VX YH]DQMH UDGLRDNWLYQRJ 7%2% ]D LVWX
PHPEUDQVNXSUHSDUDFLMX]QDWQRMDþHQHJRWLRSHQWDOLQHXURVWHURLGGHKLGURHSLDQGURVWHURQVXOIDW5H]XOWDWL
SRND]XMXGDVXYH]QDPMHVWDXQXWDUUHNRPELQDQWQRJSRGWLSD*$%$$UHFHSWRUDVWDELOQRHNVSULPLUDQRJD
X+(.VWDQLFDPD IXQNFLRQDOQRSRYH]DQD WHSRND]XMXRþHNLYDQLDILQLWHW]D OLMHNRYH2EDYOMHQHVX
VYH SULSUHPH ]D L]YR HQMH SUROD]QLK WUDQVIHNFLMD +(.  VWDQLFD L HNVSUHVLMX QRYLK SRGWLSRYD
UHNRPELQDQWQLK*$%$$UHFHSWRUDNRMLüHVHVDVWRMDWLRGUD]OLþLWLKNRPELQDFLMDKXPDQLKLOLªWDNRUVNLKab
RGQRVQRgSRGMHGLQLFD8WYU HQRMHGDåLYRWLQMHSRGYUJQXWHVWUHVXQDNRQNRPELQLUDQHDGUHQDOHNWRPLMHL
JRQDGHNWRPLMH SRND]XMX VSROQH UD]OLNH X RGJRYRUX*$%$ VXVWDYD QD SULPMHQX OLMHNRYD NRML PLMHQMDMX
*$%$HUJLþQLåLYþDQLSULMHQRVGRNRSHULUDQHåLYRWLQMHNRMHQLVXSRGYUJQXWHVWUHVXWHUD]OLNHQHSRND]XMX
MHGQDNR
3RND]DQR MH GD MH QDNRQ SULPMHQH SRMHGLQLK OLMHNRYD EU]LQD VLQWH]H +7PMHUHQD DXWRUDGLRJUDIVNRP
PHWRGRP UD]OLþLWD X UD]OLþLWLP PRåGDQLP UHJLMDPD 5H]HUSLQ QH PLMHQMD VLQWH]X  +7 X MH]JUDPD
VHURWRQLQHUJLþQLKQHXURQDDOL MHSRYHüDYDXVHURWRQLQHUJLþQLPåLYþDQLP]DYªHFLPD1HXURSVLKRIDUPDFL
NRMLGMHOXMXSXWHP+7IOXRNVHWLQIOXYRNVDPLQIHQIOXUDPLQLQRUDGUHQHUJLþQRJGHVLSUDPLQVXVWDYDQH




]GUDYLK RVRED QHRYLVQR R VWXSQMX SVLKRWLþQRVWL 8 SVLKRWLþQLK MH GHSUHVLYQLK EROHVQLND RSDåHQ þHªüL
L]RVWDQDN VXSUHVLMH RVORED DQMD NRUWL]ROD QDNRQ GHNVDPHWD]RQVNRJ WHVWD ’67 QHJR X QHSVLKRWLþQLK
GHSUHVLYQLKEROHVQLND3URPLMHQMHQLRGJRYRURVRYLQHKLSRWDODPXVKLSRIL]DQDGEXEUHåQDåOLMH]GDQD’67
RSDåHQ MH L X VKL]RIUHQLK EROHVQLND L WR SRGMHGQDNR X RQLK V SR]LWLYQLP NDR L X RQLK V QHJDWLYQLP
VLPSWRPLPDEROHVWLªWRXSXüXMHQD]DNOMXþDNGDSRUHPHüHQL’67QLMHVSHFLILþDQGLMDJQRVWLþNLSRND]DWHOM
]D GHSUHVLMX 3RND]DOL VPR GD YHWHUDQL GRPRYLQVNRJ UDWD NRML VX SUHåLYMHOL ]DUREOMDYDQMH X VUSVNLP
NRQFHQWUDFLMVNLPORJRULPDWHUD]YLOLVLQGURPSRVWWUDXPDWVNRJVWUHVQRJSRUHPHüDMD LPDMXSURPLMHQMHQX













DQG +7%2% WR PHPEUDQHV IURP  KXPDQ HPEU\RQLF NLGQH\ +(. FHOOV VWDEO\ WUDQVIHFWHG ZLWK
abgVIRUPRI*$%$$UHFHSWRUKDVEHHQVWXGLHG*$%$GHFUHDVHGWKH.GIRU+IOXQLWUD]HSDPZKHUHDV
WKH WRWDO QXPEHU RI ELQGLQJ VLWHV UHPDLQHG FRQVWDQW $V H[SHFWHG GHSHQGHQW XSRQ FRQFHQWUDWLRQ
WKLRSHQWDODQG*$%$HQKDQFHGWKHELQGLQJRI+IOXQLWUD]HSDP)OXPD]HQLODQGFORQD]HSDPKDYHEHHQ
PRUHSRWHQW WKDQ GLD]HSDP EXW OHVV SRWHQW WKDQ IOXQLWUD]HSDP LQ GLVSODFLQJ +IOXQLWUD]HSDP 7%2%
SLFURWR[LQ DQG*$%$ GLVSODFHG +7%2% ELQGLQJ WR WKH VDPHPHPEUDQH SUHSDUDWLRQ JLYLQJ WKH ,&
YDOXHV FRQVLGHUDEO\ ORZHU WKDQ WKLRSHQWDO DQG WKH QHXURVWHURLG GHK\GURHSLDQGURVWHURQH VXOSKDWH 7KH
















KDVEHHQIRXQGWKDWSODVPDFRUWLVRO OHYHOKDVEHHQKLJKHU LQGHSUHVVHG SV\FKRWLFDQGQRQSV\FKRWLF
SDWLHQWVWKDQLQKHDOWK\FRQWUROV3V\FKRWLFGHSUHVVHGSDWLHQWVKDYHKDGPRUHIUHTXHQWDEQRUPDOHVFDSH
RI SODVPD FRUWLVRO VXSSUHVVLRQ DIWHU GH[DPHWKDVRQH VXSSUHVVLRQ WHVW ’67 WKDQ QRQSV\FKRWLF
GHSUHVVHG SDWLHQWV $Q DEQRUPDO K\SRWKDODPLFSLWXLWDU\DGUHQDO D[LV UHVSRQVH WR ’67 KDV EHHQ DOVR
IRXQG LQ VFKL]RSKUHQLF SDWLHQWV ZLWK SUHGRPLQDQWO\ SRVLWLYH DV ZHOO DV LQ SDWLHQWV ZLWK SUHGRPLQDQWO\
QHJDWLYHV\PSWRPV LQGLFDWLQJ WKDW’67 LVQRWDVSHFLILFELRORJLFDOPDUNHU IRUGHSUHVVLRQ ,W KDVEHHQ
GHPRQVWUDWHG WKDW&URDWLDQFRPEDWYHWHUDQVZKRKDYH VXUYLYHG WKH FDSWXUH LQ6HUELDQ FRQFHQWUDWLRQ
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3RVOLMHGLSORPVNL VWXGLML L] ELRPHGLFLQH 3ULURGRVORYQR
PDWHPDWLþNL IDNXOWHW 6YHXþLOLªWH X =DJUHEX ªN JRG
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1HXURORJLFDO ,QVWLWXWH &RQH /DERUDWRU\ 0RQWUHDO
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 6OLMHSþHYLü 0 ,ªJXP 9
6RPDWRVHQVRU\ HYRNHG SRWHQWLDOV LQ H[SHULPHQWDO
URGHQWVWUHDWHGE\PHWKDGRQHSRVWHU
 %XMDV03HULþLü’-D]YLQªüDN0,QIOXHQFHRI
JHQGHU DQG JRQDGHFWRP\ RQ ELFXFXOOLQHLQGXFHG
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 ’LNªLü00FNâHOHU’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RQ WKH EUDLQ VHURWRQLQ V\QWKHVLV LQ UDW DQG GRJ
EUDLQVSRVWHU




 0FNâHOHU ’ ’LNªLü 0 $FXWH HIIHFWV RI









































2SüL FLOM SURJUDPD MH GREUR SR]QDYDQMH -DGUDQVNRJ PRUD LPDMXüL X YLGX SRWUHEH JRVSRGDUVWYD
5HSXEOLNH+UYDWVNHLRþXYDQMHRNROLªD3UHGXYMHW]DXWYU LYDQMHVWDQMDLWUHQGRYDSURPMHQDXYMHWRYDQLK
SULURGQLP L DQWURSRJHQLPþLPEHQLFLPD MH SR]QDYDQMH WHPHOMQLK ]DNRQLWRVWLPH XRGQRVD L SURFHVD X
HNRVXVWDYLPD L PRUVNLP RUJDQL]PLPD 6WRJD VH SUHGYL DMX VORåHQD WHUHQVND L ODERUDWRULMVND
LVWUDåLYDQMD XVPMHUHQDQD D XWYU LYDQMH IL]LNDOQLK NHPLMVNLK L ELRORªNLK ]QDþDMNL -DGUDQVNRJPRUD L
SRMHGLQLKQMHJRYLKGLMHORYDE VWXGLM L SUDüHQMH GLQDPLNHSHODJLþNRJHNRVXVWDYD SRVHEQR VMHYHUQRJ

-DGUDQD F RVQRYQH VWXGLMH EHQWRVNLK HNRVXVWDYD L XWYU LYDQMH ELRORªNH UD]QROLNRVWL GPH XVREQH
RYLVQRVWLSHODJLþNLK LEHQWRVNLKHNRVXVWDYDVSRVHEQLPRVYUWRPQDFYMHWDQMHPRUDHSURXþDYDQMH
]DJD LYDOD LPHKDQL]DPD QMLKRYRJ GMHORYDQMD QD UD]LQL ’1$ HQ]LPD L GUXJLK ELRNHPLMVNLK ]QDþDMNL





7KHJHQHUDO VFRSHRI WKHSURJUDPPH LV WR SURYLGHEHWWHU NQRZOHGJHRI WKH$GULDWLF6HD WDNLQJ LQWR
DFFRXQW WKHHFRQRPLFDOGHPDQGVRI WKH5HSXEOLF RI&URDWLD DVZHOO DV HQYLURQPHQWDO SURWHFWLRQ$
SUHUHTXLVLWH IRU WKH GHWHUPLQDWLRQ RI VWDWH DQG WUHQGV LQ FKDQJHV FRQGLWLRQHG E\ QDWXUDO DQG
DQWKURSRJHQLFIDFWRUVLVWKHNQRZOHGJHRIEDVLFFRUUHODWLRQVDQGSURFHVVHVLQHFRV\VWHPVDQGPDULQH
RUJDQLVPV 7KHUHIRUH FRPSOH[ ILHOG VWXG\ DQG ODERUDWRU\ UHVHDUFK DUH IRFXVVHG RQ WKH D
GHWHUPLQDWLRQRISK\VLFDOFKHPLFDODQGELRORJLFDOFKDUDFWHULVWLFVRIWKH$GULDWLF6HDDQGLWVSDUWLFXODU
DUHDV E IXQGDPHQWDO VWXG\ DQGPRQLWRULQJ RI WKH SHODJLF HFRV\VWHP G\QDPLFV SDUWLFXODUO\ LQ WKH

























SUHWSRVWDYNH R QMLKRYRP QHVWDQNX WLMHNRP ]DGQMLK WULGHVHWDN JRGLQD XVOMHG XUEDQRLQGXVWULMVNRJ
]DJD HQMDPRåGD QLVX WRþQH 7URSVND DOJD&DXOHUSD WD[LIROLD L GDOMH VH ªLUL QH]DXVWDYOMLYR GRVLåXüL
PMHVWLPLþQRSRNURYQRVWQDPRUVNRPGQXSUHNRKDRWRN.UN0DOLQVND6WXGLMHPRVQRYQLK]QDþDMNL
åLYRWQLK ]DMHGQLFD PRUVNRJ GQD XWYU HQR MH QXOWR VWDQMH HNRVXVWDYD X L]DEUDQLP SRGUXþMLPD
-DGUDQVNRJPRUD 1D SRGUXþMX 1DFLRQDOQRJ SDUND .RUQDWL L MXåQRJ GLMHOD ’XJRJ RWRND XWYU HQR MH
SULVXVWYR YUVWH ªNROMNDªD8 DNYDWRULMX RWRþQH VNXSLQH3UYLü*UJXU*ROL WH MXåQRJ GLMHOD6LOEH L
*UHEHQDQD HQHVXEURMQHåLYRWQH]DMHGQLFHUDVSURVWUDQMHQHLXGUXJLPGLMHORYLPDVMHYHUQRJ-DGUDQD
%RJDWVWYRPQDVHOMD L UDVSURVWUDQMHQMD LVWLüXVH OLYDGHPRUVNLKFYMHWQLFDYRJH 3RVLGRQLDRFHDQLFD L
UHVH &\PRGRFHD QRGRVD X JRUQMHP LQIUDOLWRUDOX KULGLQDVWH REDOH QDVHOMD URGD &\VWRVHLUD D QD

OLWLFDPD GREUR MH UD]YLMHQ NRUDOLJHQ 6WDQMH ]DMHGQLFD XSXüXMH QD RSüHQLWX þLVWRüX PRUD 8
VMHYHURLVWRþQRPGLMHOX1DFLRQDOQRJSDUND0OMHWQD HQMHNRUDOLJHQQDRNRPLWLPOLWLFDPDYDQMVNRJQL]D
RWRND WH SURVWUDQH OLYDGH PRUVNLK FYMHWQLFD X NDQDOVNRP GLMHOX 5RQMHQMHP QD GHVHWDN SRVWDMD X
9HOLNRPMH]HUXQD HQDVXQDVHOMD]DNRQRP]DªWLþHQHSHULVNH3LQQDQRELOLVDRWNULYHQLVXLJUHEHQL
NDPHQRJNRUDOMD&ODGRFRUDFHVSLWRVDMHGLQVWYHQLQD-DGUDQX8WYU HQRMHQXOWRVWDQMHPHLRIDXQHX
POMHWVNLP MH]HULPD 8 GXEOMLP GLMHORYLPD 9HOLNRJ MH]HUD XRþHQL VX ]QDNRYL SRUHPHüDMD HNRORªNH
UDYQRWHåH XYMHWRYDQL SRYUHPHQLP QHVWDªLFDPD NLVLND 7ZLQIORZ UHVSLURPHWURP LVWUDåLYDQR MH
SRQDªDQMH ªNROMNDªD&RUEXOD JLEED X ODERUDWRULMVNLP XYMHWLPD D UH]XOWLUDOR MH RWNULüHP SRMDYH GXJD
NLVLND X WH YUVWH NRMD X XYMHWLPD GXERNH KLSRNVLMH L DQRNVLMH X RNROLªX SUHOD]L VWYDUDQMHP ODNWDWD X
WNLYLPDQDDQDHUREQLPHWDEROL]DP6WUXNWXUDPHLRLQHPDWRIDXQHVHGLPHQDWDQDSRGUXþMXXJURåHQRP








VHWWOHPHQWV 7KH SKHQRPHQRQ LV OLQNHG SHUKDSV WR JHQHUDO WUHQGV LQ WKH QRUWKHUQ $GULDWLF 6HD
HFRV\VWHP DOWHUDWLRQV )XUWKHU LQFUHDVH LQ WKH GLVWULEXWLRQ SDWWHUQ RI WKH WURSLF LQYDGHU &DXOHUSD
WD[LIROLDLQWKH0DOLQVNDSRUW.UNLVODQGZDVUHJLVWHUHG:LWKDQDLPWRHVWDEOLVKDQDFWXDOLH]HUR
VWDWHRIPDULQHHQYLURQPHQWEHQWKLFFRPPXQLWLHVKDYHEHHQVXUYH\HGLQWKHVHOHFWHG$GULDWLFDUHDV
7KXV LQWKHDTXDWRULXPRIWKH.RUQDWL ,VODQGV1DWLRQDO3DUNDQG WKHVRXWKHUQSDUWRI’XJLRWRN
VKHOOILVK VSHFLHV KDYH EHHQ QRWHG $URXQG WKH 3UYLü *UJXU DQG*ROL DUFKLSHODJR DQG LQ WKH 6LOED
LVODQG DTXDWRULXPPDQ\ EHQWKLF FRPPXQLWLHV GLVWULEXWHG DOVR LQ VRPH RWKHU QRUWKHUQ $GULDWLF 6HD
DUHDV KDYH EHHQ LGHQWLILHG /X[XULRXV PHDGRZV RI 3RVLGRQLD RFHDQLFD DQG &\PRGRFHD QRGRVD
GHQVHVHWWOHPHQWVRI&\VWRVHLUDVSHFLHVDQGULFKFRUDOOLJHQRXVFRPPXQLWLHVVXJJHVWWKHEHVWTXDOLW\
RI WKH PDULQH HQYLURQPHQW $ORQJ WKH YHUWLFDO VXEPDULQH ZDOOV LQ WKH 0OMHW 1DWLRQDO 3DUN WKH
FRUDOOLJHQRXV FRPPXQLWLHV DUHPRVW FKDUDFWHULVWLFZKHUHDV LQ WKH FKDQQHO SDUW WKH3RVLGRQLD EHGV






QRUWK $GULDWLF VWDWLRQV DIIHFWHG SUHYLRXVO\ E\ PXFRXV ERWWRP OD\HUV DQG WKH FRQVHTXHQWLDO K\SR[LF
VWUHVV WKH VHGLPHQW OLYLQJ PHLRIDXQD YDULHG ZLWKLQ QRUPDO UDQJHV ,Q &KODP\V RSHUFXODULV F\FOLF
DOWHUDWLRQVRIVH[XDODFWLYLW\DUHIRXQGWREHFRUUHODWHGZLWKVKHOOILVKVRIWSDUWFKDUDFWHULVWLFVDQGZLWK
HQYLURQPHQW9DULDWLRQV LQFDOFLWHDQGDUDJRQLWH IUDFWLRQV LQERWK‡SLQN·DQGQRUPDOPXVVHOV 0\WLOXV



























SRGUXþMD NRMD VH LVWLüX þLVWLPPRUHP 5H]XOWDWL XND]XMX QD SRWUHEX ]DNRQVNH ]DªWLWH WLK SRGUXþMD V
SRVHEQLPQDJODVNRPQDSRGPRUVNHOLWLFHRWRND3UYLüDL*UJXUDLOLYDGHYRJHXªLUHPDNYDWRULMX6LOEH
1DMSULPMHUHQLMRPVHþLQL]DªWLWDXNDWHJRULMLPRUVNLKSDUNRYD5DGQDUHYL]LMLSRMHGLQLKWDNVRFHQDMHELR
XVPMHUHQ QD SRURGLFX *O\FLPHULGDH L VORERGQR åLYXüH REOLüH -DGUDQVNRJ PRUD WH VYMHWVNX UHYL]LMX
NUDWNRUHSLK GHVHWHURQRåQLK UDNRYD 8WYU HQ MH OLQHDUQL DVFHGHQWQL SRUHGDN VYLK GR VDGD RSLVDQLK
SRURGLFDWHVNXSLQHNDNRUHFHQWQLKWDNR L L]XPUOLK1RYDNODVLILNDFLMVNDVKHPDRGUDåDYDVXYUHPHQR




EHVNUDOMHªQMDND 8]D VYH QHGRVWDWNH L PRJXüH QHWRþQRVWL NRMH RYDNRYH SUHWKRGQH OLVWH VDGUåH
SRVHEQRXYLªLKVYRMWL]DNRMHQHPDVWUXþQMDNDX]HPOMLVSLVDNLSDNSUHGVWDYOMDVROLGQXRVQRYX]DVYD
EXGXüD LVWUDåLYDQMD L SUDüHQMH SURPMHQD ELRUD]QROLNRVWL X SHODJLþNLP L EHQWRVNLP HNRVXVWDYLPD
-DGUDQVNRJPRUD8UMHªDYDQMXGYRMEDRNRVXEVSHFLILþQLK]QDþDMNLSRMHGLQLKVYRMWLXSXåHYDªNROMNDªD




,Q WKH 5LMHND %D\ QHZ GDWD RQ ELRORJLFDO GLYHUVLW\ KDV EHHQ SURYLGHG DQG D OLVW RI  PDULQH
LQYHUWHEUDWHVXSGDWHG,QWKH0OMHW1DWLRQDO3DUNVHYHUDOLQYHUWHEUDWHDQGILVKVSHFLHVQHZLQWKHDUHD
ZHUH FROOHFWHG DQG D SUHOLPLQDU\ OLVW RI DERXW  WD[D HVWDEOLVKHG 7KHVH DFWXDO ELRGLYHUVLW\ GDWD
MXVWLILHG WKH QHZO\ H[WHQGHG 1DWLRQDO 3DUN OLPLWV WR WKH GLVWDQFH RI  PHWUHV IURP WKH FRDVWOLQH
6LPLODUO\VRPHUHFHQWVWXGLHVRIPDULQHEHQWKRVLQWKH3UYLü*UJXUDQG*ROLDUFKLSHODJRDUHDDQGLQ
WKH6LOEDLVODQGDTXDWRULXPVXJJHVWWKHQHFHVVLW\WRSURWHFWWKHPE\OHJDOSURYLVLRQVSUHIHUDEO\LQWKH
FDWHJRU\ RI PDULQH SDUNV 7KH $GULDWLF 6HD VKHOOILVK IDPLO\ *O\FLPHULGDH DQG VHGLPHQW IUHH OLYLQJ
1HPDWRGHVZHUHUHYLVHG$QDVFHQGDQWOLQHRIDOOEUDFK\XUDQIDPLOLHVWKHUHFHQWDQGWKHH[WLQFWRQHV

























XHNRVXVWDYX VMHYHUQRJ -DGUDQDPRåH ]QDþDMQRGRSULQLMHWL SUHGYL DQMX NROHEDQMD QMHJRYLK ELRORªNLK
UHVXUVD QSU ELRPDVH ULED NDR L SRX]GDQLMRM SURFMHQL UHODWLYQH YDåQRVWL SULURGQLK SUYHQVWYHQR
NOLPDWVNLKLDQWURSRJHQLKXWMHFDMDQDHNRVXVWDY7LPHELVHWDNR HUPRJORXWYUGLWLGD OLXVMHYHUQRP
-DGUDQXSRVWRML WUHQGHXWURILNDFLMH WHGD OL RYDMSURFHV LJUD YDåQXXORJXX QHXRELþDMHQLPSRMDYDPD
QSUXFYMHWDQMXPRUD
1D WHPHOMX GRVDGDªQMLK LVWUDåLYDQMD UD]UD HQ MH RSLVQL PRGHO PHKDQL]PD GXJRURþQLK SURPMHQD X
HNRVXVWDYXVMHYHUQRJ-DGUDQD2YDMüHVHPRGHOXQDUHGQHWULJRGLQHSURYMHULWLGRYUªHQMHP]DSRþHWH
REUDGH QL]RYD SRVWRMHüLK UH]XOWDWD WH QDGRJUDGLWL QD WHPHOMX GRGDWQLK SRGDWDND NRML EL VH VDNXSLOL
SULOLNRPRYRJLGUXJLKLVWUDåLYDþNLKSURJUDPD
7LMHNRP  JRGLQH REDYOMHQD VX NUVWDUHQMD X VMHYHUQRP -DGUDQX XNOMXþXMXüL L SRVWDMH ]D NRMH
SRVWRMH QDMGXåL QL]RYL SRGDWDND3UHOLPLQDUQDDQDOL]D QHNLK RGGRELYHQLK SRGDWDNDXND]DOD MH GD MH
]LPDELOD WRSOLMDRGSURVMHNDªWR MHGRYHORGR]DJULMDYDQMDSRYUªLQVNRJVORMDPRUDYHüX
RåXMNX 9LVRN GRWRN VODWNLK YRGD GRSULQLR MH VWYDUDQMX YUWORåQRJ VWUXMDQMD X VMHYHUQRP -DGUDQX
RGQRVQRXYMHWRYDRSRYHüDQXSURL]YRGQMXRUJDQVNHWYDUL8WLPXYMHWLPDNRQFHQWUDFLMDNLVLNDSULGQX
NUDMHP OMHWD ]QDþDMQR VH VQL]LOD LVSRG SURVMHND 6OLþDQ VFHQDULM MH RSDåHQ L X UD]GREOMX 
NDGDVHPDVRYQDSRMDYDVOX]DYLKDJUHJDWDSRQDYOMDOD WLMHNRP OMHWD V LQWHQ]LWHWRPRYLVQLPRGRWRNX
VODWNHYRGH
8VSRUH HQL VX WDNR HU SRGDFL VDNXSOMHQL X UD]GREOMX  V RSLVQLPPRGHOLPD GXJRURþQLK













.QRZOHGJH RI ORQJWHUP FKDQJHPHFKDQLVPV LQ WKHPDLQ SURFHVVHV RI WKH RUJDQLFPDWWHU F\FOH LV
HVVHQWLDO IRU SUHGLFWLQJ SRVVLEOH IOXFWXDWLRQV RI ELRORJLFDO UHVRXUFHV HJ ILVK VWRFNV DQG IRU













XQXVXDOO\ ORZ $ VLPLODU VFHQDULR ZDV GHVFULEHG IRU HDFK VXPPHU LQ WKH SHULRG  ZKHQ
PXFLODJHHYHQWVRFFXUUHGZLWKGLIIHUHQWLQWHQVLWLHVGHSHQGLQJRQIUHVKZDWHULQIORZ
0RUHRYHU WKH GDWD IRU WKH SHULRG  ZHUH FRPSDUHG ZLWK VWDWLVWLFDO PRGHOV IRU ORQJWHUP
FKDQJHVSHULRGLQRUGHUWRYHULI\VRPHK\SRWKHVHV’XULQJWKHDXWXPQV WKH
ERWWRPR[\JHQFRQFHQWUDWLRQDORQJWKHSURILOHRIWKH5RYLQM5LYHU3RGHOWDZDVVLJQLILFDQWO\KLJKHUWKDQ
WKDW LQ WKH SHULRG  DQG VLPLODU WR WKH RQH LQ WKH V 7KLV UHVXOW DJDLQ FRQILUPV WKH
DVVXPSWLRQWKDWDQR[LDFRQGLWLRQVFDQGHYHORSLQWKHQRUWKHUQ$GULDWLFGXHWRQDWXUDOFOLPDWLFFDXVHV
DQGLQGHSHQGHQWO\RIWKHHXWURSKLFDWLRQGHJUHH
























3R]QDYDQMH PHKDQL]DPD L EU]LQH SURFHVD NUXåHQMD RUJDQVNH WYDUL QHRSKRGQR MH ]D SRX]GDQX
SURFMHQX ELRPDVH ULED L GUXJLK PRUVNLK RUJDQL]DPD ªWR SUHGVWDYOMD RVQRYX QMLKRYRJ UDFLRQDOQRJ
NRULªWHQMD 7R MH SRVHEQR YDåQR X -DGUDQX MHU MH PRJXüH GD ]QDþDMDQ GLR SULPDUQH SURL]YRGQMH
SRVWDQH QHGRVWXSDQ QDMYLªLP NDULNDPD KUDQLGEHQRJ ODQFD SUYHQVWYHQR WLMHNRP QHXRELþDMHQR
LQWHQ]LYQLKSRMDYDFYMHWDQMDPRUDRGQRVQRSRYHüDQRJOXþHQMDILWRSODQNWRQD.RGWRJDMHELWQDXORJD
]DMHGQLFDPLNUREQHSHWOMHXLVNRULªWDYDQMXRWRSOMHQLKRUJDQVNLKVSRMHYD1DWHPHOMXQDMQRYLMLKVD]QDQMD
R XOR]L ILWRSODQNWRQVNRJ OXþHQMD PLNUREQH SHWOMH L SULMHQRVD RUJDQVNH WYDUL NUR] RVQRYQH NDULNH
KUDQLGEHQRJODQFDSURYMHULORELVHGDOLVXGRVDGDªQMHSURFMHQHSULPDUQHSURL]YRGQMHRUJDQVNHWYDULX
-DGUDQXSRX]GDQH
7LMHNRP OMHWD X VMHYHUQRP -DGUDQX VX VH QDNRQ ªHVW JRGLQD SRQRYQR SRMDYLOH VOX]DYH QDNXSLQH
FYMHWDQMH PRUD X ]QDWQLP NROLþLQDPD 6DNXSOMHQR MH WULGHVHWDN X]RUDND QDNXSLQD X NRMLPD VX
DQDOL]LUDQL VDVWDY SODQNWRQVNLK ]DMHGQLFD NLVLN OLSLGQL ELRPDUNHUL WH PMHUHQL SDUDPHWUL SULPDUQH L
VHNXQGDUQHSURL]YRGQMH3UHOLPLQDUQDPMHUHQMDSRYUGLODVXSUHWSRVWDYNXGDVHXQXWDUVYDNRJDJUHJDWD
XVSRVWDYOMD UDYQRWHåD L]PH X SURL]YRGQMH L UD]JUDGQMH RUJDQVNH WYDUL ªWR RPRJXüXMH QMHJRY GXåL
RSVWDQDNXJRUQMLPGMHORYLPDYRGHQRJVWXSFD=QDþDMQRVPDQMHQMHSROLQH]DVLüHQLKPDVQLKNLVHOLQD L
SURPMHQHXRPMHULPDXND]DOH VX QD XJURåHQRVW RVQRYQLKPHWDEROLþNLK SRWUHED ]RRSODQNWRQD OMHWL X
XYMHWLPDFYMHWDQMDPRUD2EDYOMHQMHWDNR HUGYRGQHYQLHNVSHULPHQWXSRGUXþMXSRGXWMHFDMHPULMHNH
3R RGQRVQR X ROLJRWURIQRP GLMHOX VMHYHUQRJ -DGUDQD GD EL VH SURYMHULOD SRGREQRVW GRVDGDªQMLK
PHWRGD ]D SURXþDYDQMH SULPDUQH L VHNXQGDUQH SURL]YRGQMH RGQRVQR EU]LQH SUHGDFLMH EDNWHULMD
’RYUªHQDVXLVWUDåLYDQMDXORJHPLQHUDODJOLQDXFLNOXVXNUXåHQMDRUJDQVNHWYDULXVMHYHUQRP-DGUDQX
8 SULVXVWYX JOLQD EU]LQD UD]JUDGQMH RUJDQVNH WYDUL PRåH VH SRYHüDWL ]D UHG YHOLþLQH 1DGDOMH MH




.QRZOHGJH RI PHFKDQLVPV DQG SURFHVVHV RI WKH RUJDQLFPDWWHU F\FOH LV HVVHQWLDO IRU UHOLDEOH
HYDOXDWLRQRIILVKDQGRWKHUFRPPHUFLDOPDULQHRUJDQLVPVWDQGLQJVWRFNVZKLFKUHSUHVHQWVWKHEDVLV
IRUWKHLUUDWLRQDOH[SORLWDWLRQ7KLVLVRISDUWLFXODULPSRUWDQFHLQWKH$GULDWLFVLQFHLW LVSRVVLEOHWKDWD
VLJQLILFDQW SDUW RI SULPDU\ SURGXFWLRQ EHFRPHV LQDFFHVVLEOH WR WKH KLJKHVW OLQNV RI WKH IRRG FKDLQ
SULPDULO\ GXULQJ LWV LQWHQVLYH EORRPV DQGRU DQ LQFUHDVHG SK\WRSODQNWRQ H[FUHWLRQ 7KH UROH RI WKH
PLFURELDOORRSFRPPXQLW\XVLQJGLVVROYHGRUJDQLFFRPSRXQGVLVRIKLJKLPSRUWDQFH%\PRVWUHFHQW
LQIRUPDWLRQRQWKHUROHRISK\WRSODQNWRQH[FUHWLRQPLFURELDO ORRSDQGWUDQVSRUWRI WKHRUJDQLFPDWWHU
WKURXJK WKH SODQNWRQ IRRG ZHE WKH UHOLDELOLW\ RI WKH H[LVWLQJ HVWLPDWHV IRU WKH $GULDWLF SULPDU\
SURGXFWLYLW\ZRXOGEHYHULILHG
$IWHUDVL[\HDUSHULRGLQWKHVXPPHURIPXFLODJHDJJUHJDWHVUHDSSHDUHGLQODUJHTXDQWLWLHVLQ
WKHQRUWKHUQ$GULDWLF$ERXW  VDPSOHVZHUH FROOHFWHG LQ RUGHU WR DQDO\VH WKHSODQNWRQ FRPPXQLW\
VWUXFWXUHR[\JHQDQGOLSLGELRPDUNHUFRQFHQWUDWLRQ7KHSULPDU\DQGVHFRQGDU\SURGXFWLRQUDWHVZHUH
DOVRPHDVXUHGLQWKHDJJUHJDWHV3UHOLPLQDU\PHDVXUHPHQWVFRQILUPHGWKHK\SRWKHVLVWKDWLQVLGHWKH
DJJUHJDWHV D EDODQFH EHWZHHQ WKH SURGXFWLRQ DQG GHFRPSRVLWLRQ UDWHV RI RUJDQLF PDWWHU FDQ EH
HVWDEOLVKHGWKXVSURORQJLQJWKHLUUHVLGHQFHWLPHLQWKHXSSHUZDWHUFROXPQ$VLJQLILFDQWGHFUHDVHRI
SRO\XQVDWXUDWHG IDWW\ DFLGV DQG FKDQJHV LQ WKHLU UDWLRV KDYH SRLQWHG RXW WKH HQGDQJHUPHQW RI WKH
]RRSODQNWRQ EDVLF PHWDEROLF QHHGV XQGHU PXFLOODJH HYHQW FRQGLWLRQV $ WZRGD\ H[SHULPHQW ZDV
SHUIRUPHGLQDQDUHDXQGHUWKH5LYHU3RLQIOXHQFHDQGIXUWKHULQWKHROLJRWURSKLFDUHDRIWKHQRUWKHUQ
$GULDWLF WR YHULI\ WKH UHOLDELOLW\ RI WKH PHWKRGV RI VWXG\LQJ SULPDU\ DQG VHFRQGDU\ SURGXFWLRQ DQG
EDFWHULDOSUHGDWLRQUDWH$UHVHDUFKRQWKHUROHRIFOD\PLQHUDOVLQWKHRUJDQLFPDWWHUF\FOHKDVEHHQ


















%LWQD RGUHGQLFD WHPH MH QMHQD XWHPHOMHQRVW QD PHWRGRORªNRP WURQRªFX NRML þLQH WHRULMD HPSLULMD L
UDþXQDOVNH VLPXODFLMH (PSLULMVND VDVWDYQLFD XNOMXþXMH SULNXSOMDQMH LQ VLWX L GDOMLQVNLK VDWHOLWVNLK
SRGDWDND D UDþXQDOVNH VLPXODFLMH SRGUD]XPLMHYDMX LPSOHPHQWDFLMX L XSRUDEX QHOLQHDUQLK
WURGLPHQ]LRQDOQLKKLGURLWHUPRGLQDPLþNLKPDWHPDWLþNLKPRGHOD
,VWUDåLYDQMD VX RUJDQL]LUDQD X QHNROLNR SRVHEQR GHILQLUDQLK QR SRYH]DQLK ]DGDüD NRMH XNOMXþXMX
LVWUDåLYDQMH YH]H L]PH X VMHYHUQRMDGUDQVNLK ULMHþQLK GRWRND L GMHORYDQMD YMHWUD SULPMHQX GDOMLQVNL
GHWHNWLUDQLKSROMDSRYUªLQVNHWHPSHUDWXUHLUHIOHNWDQFLMHXLVWUDåLYDQMXRFHDQRJUDIVNLKRGOLND-DGUDQD
XSRUDEX PDWHPDWLþNLK PRGHOD L DOWLPHWULMVNLK SRGDWDND X LVWUDåLYDQMX GLQDPLNH RNUDMQMLK PRUD WH
HPSLULMVND LPRGHOVND LVWUDåLYDQMD VH]RQVNH L NUDüH  SHULRGLþQHSURPMHQMLYRVWL JLEDQMD X VMHYHUQRP
-DGUDQX
7LMHNRPSUYHJRGLQHUDGDL]UDþXQDWHVXL]DOWLPHWULMVNLKSRGDWDNDVDWHOLWD7RSH[3RVHLGRQKDUPRQLþNH
NRQVWDQWH ]D  MDGUDQVNH REDOQH L RWRþQH SRVWDMH WH XVSRUH HQH V OLWHUDWXUQLP YULMHGQRVWLPD L
UH]XOWDWLPD PDWHPDWLþNLK PRGHOD ,PSOHPHQWLUDQH VX L XVSRUHGQR LVSLWDQH SURFHGXUH ]D GHWHNFLMX
QDREODNH L VOLþQLK VPHWQML X VDWHOLWVNL GHWHNWLUDQLP SROMLPD SRYUªLQVNH WHPSHUDWXUH PRUD 1D SODQX
PDWHPDWLþNRJ PRGHOLUDQMD LPSOHPHQWLUDQ MH L WHVWLUDQ KLGURGLQDPLþNL QXPHULþNL PRGHO 4XRGG\




7KLV UHVHDUFK SURMHFW LV IRXQGHG RQ D PHWKRGRORJLFDO WULSRG FRQVLVWLQJ RI WKHRU\ H[SHULPHQW DQG
FRPSXWHUVLPXODWLRQV7KHHPSLULFDOSDUWLQFOXGHVWKHLQVLWXGDWDFROOHFWLRQDQGUHPRWHO\VHQVHGGDWD
ZKHUHDV FRPSXWHU VLPXODWLRQV FRPSULVH LPSOHPHQWDWLRQ DQG XVH RI QRQOLQHDU WKUHHGLPHQVLRQDO
K\GURDQGWKHUPRG\QDPLFPRGHOV
7KH UHVHDUFK LV RUJDQLVHG LQ VHYHUDO VHSDUDWHO\ GHILQHG EXW UHODWHG WDVNV LQFOXGLQJ WKH VWXG\ RI
FRUUHODWLRQEHWZHHQWKHQRUWKHUQ$GULDWLFULYHULQHGLVFKDUJHVDQGZLQGDSSOLFDWLRQRIUHPRWHO\VHQVHG
VHDVXUIDFHWHPSHUDWXUHDQGUHIOHFWDQFHILHOGVLQWKHUHVHDUFKRIWKH$GULDWLFRFHDQRJUDSKLFIHDWXUHV




DQG PRGHOJHQHUDWHG YDOXHV 6HYHUDO FORXGGHWHFWLRQ VFKHPHV IRU UHPRWHO\ VHQVHG VHD VXUIDFH
WHPSHUDWXUHVFHQHVKDYHEHHQWHVWHGDQGFRPSDUHG:LWKLQWKHPDWKHPDWLFDOPRGHOOLQJVHJPHQWWKH
K\GURG\QDPLF QXPHULFDO PRGHO 4XRGG\ KDV EHHQ LPSOHPHQWHG DQG WHVWHG $OVR WKH FRQWLQXLW\
HTXDWLRQRIUDQGRPYHORFLW\ILHOGLPSRUWDQWIRUPRGHOOLQJWKHGLIIXVLRQRIDVXEVWDQFHLQWKHVHDKDV
EHHQ VWXGLHG DQG WKH H[LVWHQFH RI WKH FRUUHVSRQGLQJ IDPLO\ RI UDQGRP HYROXWLRQ RSHUDWRUV SURYHG

















8VYUKXSURFMHQHRSWHUHüHQRVWLPRUDJHQRWRNVLþQLP]DJD LYDOLPDSULODJR HQD MHPHWRGD626XPX






LQGXFLUDMX +VS L +VS SURWHLQH X RYLVQRVWL R GR]L SULPMHQMHQRJ ]DJD LYDOD NDR L WRSOLQVNL VWUHV
,QGXNFLMD+VSP51$ MH UD]OLþLWDNRG WRSOLQVNRJVWUHVD L WUHWLUDQMD ]DJD LYDOLPD ªWRXND]XMHQD
QDMPDQMH  PHKDQL]PD UHJXODFLMH +VS HNVSUHVLMH X GDJQMH 7RM LQGXNFLML X VOXþDMX WULEXWLONRVLWUD
SUHWKRGLSRYHüDQMHXþHVWDORVWLORPRYDX’1$SRUHPHüDMXVWDQLþQRPFLNOXVX*6DUHVWWHSRMDYD
SURJUDPLUDQH VWDQLþQH VPUWL NRMD MH XVWDQRYOMHQD X KLVWRORªNLP SUHSDUDWLPD ªNUJD GDJQML WUHWULUDQLK
QLVNLP GR]DPD WULEXWLONRVLWUD 8WMHFDM 89 ]UDþHQMD QD ILWRSODQNWRQ SURXþDYDQ MH X PRQRNXOWXUL
,VRFKU\VLV JDOEDQD SULPMHQRP ]D WR SRVHEQR SULODJR HQH PHWRGH DONDOQRJ ILOWDU HOXLUDQMD ’1$ X]
XSRWUHEX 7HQGRQXNOHD]H 9 1D WDM VH QDþLQ PMHUH LVNOMXþLYR FLNOREXWDQVNL SLULPLGLQVNL GLPHUL NRML
QDVWDMXGMHORYDQMHP89]UDþHQMDQD’1$0HWRGD MHGRYROMQRRVMHWOMLYD]DXWYU LYDQMHSRUDVWDEURMD






VDPSOHV ZLWK KLJK WR[LFLW\ DQG ORZ JHQRWR[LF SRWHQWLDOV 7KH PHWKRG LQFOXGHV DQDO\VLV RI EDFWHULDO




$QDO\VHVRI+VSSURWHLQV LQPXVVHOV 0\WLOXVJDOORSURYLQFLDOLVKDYHVKRZQ WKDW WKHUPDOVWUHVVDV























8 NUYL OXELQD L] X]JRMD WLMHNRP JRGLQH SUDüHQL VX KHPDWRORªNL SDUDPHWUL L SULPMHüHQH VX VH]RQVNH
YDULMDFLMH KHPRJORELQD KHPDWRNULWD L HULWURFLWD ,VWUDåHQD MH PRJXüQRVW VHOHNWLYQH LQDNWLYDFLMH
L]RHQ]LPD$$7SRPRüXWULSVLQDLSURWHD]H.3RND]DORVHGDNDSDFLWHWWHVWD]DVHOHNWLYQXLQDNWLYDFLMX
L]RHQ]LPD$$7SRPRüXRYLK LQKLELWRUD QH ]DGRYROMDYD8WYU HQD MH WRNVLþQRVW7%7DQD UD]QH ID]H
HPEULRQDOQRJ UD]YRMD KULGLQVNRJ MHåLQFD SRVHEQR QD L]YDOMHQH EODVWXOH 8 VXEWRNVLþQLP
NRQFHQWUDFLMDPD]DELOMHåHQ MH VWLPXODWLYQLXþLQDN7%7DQD VLQWH]X’1$ L HKLQRNURPD8ELRORªNRP
PRQLWRULQJX SULREDOQRJ SRGUXþMD 5RYLQMD NRULªWHQR MH PMHUHQMH VWDELOQRVWL OL]RVRPDOQH PHPEUDQH L
PHWDORWLRQHLQD X SUREDYQRM åOMH]GL GDJQML NDR ELRPDUNHUD RSüHJ L VSHFLILþQRJ VWUHVD 0HWDORWLRQHLQL
QLVX SRND]DOL UD]OLNX L]PH X X]RUDND L] ]DJD HQLK SRGUXþMD L NRQWUROQH VNXSLQH DOL MH VWDELOQRVW
OL]RVRPDOQHPHPEUDQHXGDJQMLL]]DJD HQLKSRGUXþMDELOD]QDþDMQRVPDQMHQD
5HVHDUFKSURJUDPPHDQGUHVXOWV
+DHPDWRORJLFDOSDUDPHWHUV KDHPRJORELQKDHPDWRFULW DQGHU\WKURF\WHVKDYHEHHQDQDO\VHG LQ WKH
EORRGRIIDUPHGVHDEDVVDQGVHDVRQDOYDULDWLRQVKDYHEHHQREVHUYHG6HOHFWLYHVXVFHSWLELOLW\RI$$7




PHPEUDQH VWDELOLW\ DQG PHWDOORWKLRQHLQ SURGXFWLRQ LQ WKH GLJHVWLYH JODQG RI PXVVHOV 0\WLOXV
JDOORSURYLQFLDOLV/SURYHGWREHDSSURSULDWHELRPDUNHUVIRUGHWHFWLQJWKHELRORJLFDOHIIHFWVRISROOXWLRQ























,VWUDåLYDOLVPRWUDQVSRUWQHPHKDQL]PH LSXWHYHRVPROLWD L WRNVLþQLKPHWDODXPRUVNLK UDNRYD8þLQFL
UD]OLþLWLK NRQFHQWUDFLMD LRQD NDOFLMD QD WUDQVSRUW WRNVLþQRJ PHWDOD NDGPLMD SUDüHQL VX X PRGHOQRP
REMHNWX  L]ROLUDQRP ªNUåQRP SULSUDYNX ERþDWRJ UDND &DUFLQXV PHGLWHUUDQHXV 8VWDQRYOMHQD MH
LQWHUDNFLMD NDOFLMD V WUDQVSRUWQLPSXWRYLPDNDGPLMD NUR]ªNUåQLHSLWHO8OD]QL WRNNDGPLMD NUR] ªNUåQL
HSLWHOLQKLELUDQMHODQWDQRP3UHPDQDªHPPRGHOXNDGPLMSUROD]LXFLWRVROSXWHPQHVSHFLILþQLKLRQVNLK
NDQDODNDOFLMD1DNRQKLSRRVPRWVNRJVWUHVDERþDWRJUDND&DUFLQXVXKHPROLPILGROD]LGRSULYUHPHQRJ
SRYHüDQMD NRQFHQWUDFLMH EDNUD L KHPRFLMDQLQD 0H XWLP  VDWL QDNRQ VWUHVD XVSRVWDYOMHQD MH
UDYQRWHåDNRQFHQWUDFLMHEDNUDLKHPRFLMDQLQDNRMHVHQHUD]OLNXMXRGRQHSULMHKLSRRVPRWVNRJVWUHVD
2YX SRMDYX REMDVQLOL VPR SULYUHPHQLP VPDQMHQMHP HNVWUDFHOXODUQRJ SURVWRUD L LQWUDFHOXODUQRJ
YROXPHQD ªNUåQLK VWDQLFD 7UDQ]LWRUQD SURPMHQD NRQFHQWUDFLMH EDNUD L KHPRFLMDQLQD X KHPROLPIL
SRYH]DQDMHVUHJXODFLMRPLQWUDFHOXODUQRJSURVWRUD
8 ODERUDWRULMVNLP XYMHWLPD X RGUDVOLK NRPHUFLMDOQR YDåQLK GHVHWHURQRåQLK UDNRYD KODSRYD+RPDUXV
JDPPDUXVXVWDQRYOMHQDMHWROHUDQFLMDVODQRVWLPRUVNHYRGHGRSSW2VPRNRQFHQWUDFLMDKHPROLPIH
MHRNRP2VPROOYHüDRGRVPRNRQFHQWUDFLMHUD]ULMH HQHPRUVNHYRGH+HPROLPIDMHL]RRVPRWVND
X  SSW PRUVNRM YRGL 7LMHNRP SULODJRGEL X QLåRM NRQFHQWUDFLML PRUVNH YRGH X SOHXUREUDQFKLD
SRGREUDQFKLDLDUWKUREUDQFKLDGROD]LGRSRYHüDQMDDNWLYQRVWLWUDQVSRUWQRJHQ]LPD1D.$73D]H1D
SRVWDMDPD NRMH VX SRG XWMHFDMHP HIOXHQDWD ULMHNH3R SRYHüDQD MH NRQFHQWUDFLMD&V XPRUVNRM
YRGLRUJDQL]PLPDLVHGLPHQWX
5HVHDUFKSURJUDPPHDQGUHVXOWV
7UDQVSRUWPHFKDQLVPVRI RVPRO\WHV DQG WR[LFPHWDOV KDYHEHHQ VWXGLHG LQPDULQHRUJDQLVPV7KH
WR[LFHIIHFWVRI&DDQG/DRQ&GWUDQVSRUWDFURVVDSLFDODQGEDVRODWHUDOJLOOVXUIDFHVZHUHH[DPLQHGLQ
LVRODWHG SHUIXVHG&DUFLQXV JLOOV &DGPLXP WUDQVSRUW LV VXJJHVWHG DV D QRQVSHFLILF LQIOX[ XVLQJ&D
FKDQQHOV +HPRO\PSK FRSSHU SURWHLQ DQG KHPRF\DQLQ FRQFHQWUDWLRQV LQFUHDVHG E\ DSSUR[LPDWHO\
 DIWHU DQ H[SRVXUH  K WR ORZ VHDZDWHU FRQFHQWUDWLRQV 7KHVH FKDQJHV ZHUH WUDQVLWRU\ DQG





7KH OREVWHU +RPDUXV JDPPDUXV EHKDYHV DV DQ RVPRFRQIRUPHU LQ VHDZDWHU DQG DV D SRRU
K\SHURVPRUHJXODWRUZKHQHTXLOLEUDWHG LQGLOXWHGVHDZDWHU LQZKLFKKHPRO\PSKZDVPDLQWDLQHG IRU
























L] $XVWULMH %Hþ 6DO]EXUJ ,QQVEUXFN ,WDOLMH )LUHQFD 1MHPDþNH 0QFKHQ %D\UHXWK )UDQNIXUW
.RQVWDQW]+DJHQL+UYDWVNH=DJUHE2VLMHNVDVYHXNXSQRXþHVQLND
,]ORåEHQL MH DNYDULM SRVMHWLOR   JRVWLMX RG þHJD  RGUDVOLK L  GMHFH SULEOLåLYªL VH
L]X]HWQRMSRVMHüHQRVWLRGSRVMHWLWHOMDXJRGLQL
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SDUDPHWUH NUYL OXELQD ’LFHQWUDUFKXV ODEUD[ O X
NDYH]QRPX]JRMXSUHGDYDQMH
 /HJDF 0 +UV%UHQNR 0 âWR ]QDPR R
ªNROMNDªLPDLVWRþQHREDOH-DGUDQD"SRVWHU
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 5DGLü , %HQWRVNH åLYRWQH ]DMHGQLFH
9HOLNRJ L 0DORJ MH]HUD 1DFLRQDOQL SDUN ‡0OMHW·
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,VWUDåLYDQMH PDNUREHQWRVD X SRGPRUMX
1DFLRQDOQRJ SDUND ‡0OMHW·  QDVHOMD YRJH
3RVLGRQLDRFHDQLFD/’HOSRVWHU
 5DGLªD 7 =DYRGQLN 1 3ULORJ SR]QDYDQMX
EHQWRVNHIORUHLIDXQHX1DFLRQDOQRPSDUNX‡0OMHW
‡0DNURILWREHQWRVSRVWHU
 6ODSQLN 5 0HGDNRYLü ’ $UDJRQLW NDOFLW L
NYDUFXOMXªWXUDPDSXåHYD=RVSHXP*DVWURSRGD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 L %HOJUDQGLHOOD
*DVWURSRGD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SRVWHU
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 .X]PLü 0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0H XQDURGQL XJRYRUL L VXUDGQMD V
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$WHQD*UþND
%DWHO 5 5DSLG GHWHFWLRQ RI JHQRWR[LQV DQG
JHQRWR[LF SRWHQWLDOV RI PDULQH HQYLURQPHQWDO
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]QDQRVWL L WHKQRORJLMH 5HSXEOLNH +UYDWVNH
KUYDWVNRVORYHQVND]QDQVWYHQDVXUDGQMD
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6XGELQD UDGLRQXNOLGD L PLNURHOHPHQDWD X SULURGQLP VLVWHPLPD GUVF 6WLSH /XOLü YRGLWHOM
WHPH
0XOWLNVHQRELRWLþND UH]LVWHQFLMD X SURFMHQL RNROLªQRJ UL]LND GUVF %UDQNR .XUHOHF YRGLWHOM
WHPH






X=DYRGX]D LVWUDåLYDQMHPRUD LRNROLªDVDVYUKRPRGUH LYDQMDSULURGQLKNDUDNWHULVWLND L SRVHEQRVWL
-DGUDQVNRJ PRUD L NRSQHQLK YRGD +UYDWVNH XWYU LYDQMH DQWURSRJHQLK XWMHFDMD WH VWYDUDQMH
]QDQVWYHQHRVQRYH]DNRULªWHQMHLXSUDYOMDQMHYRGDPDLGUXJLPSULURGQLPUHVXUVLPD,VWUDåLYDþLXQXWDU
RYRJ 3URJUDPD PRJX VYRMLP PHWRGDPD SUHSR]QDWL ]QDþDMNH RNROLªD ELRGLYHU]LWHW ELRJHRNHPLMVNL
FLNOXV WYDUL NYDQWLILNDFLMD L NULWLþQL SXWHYL NUHWDQMD ]DJD LYDOD SULKYDWQL NDSDFLWHW DNYDWRULMD NYDOLWHWD
åLYRWD YUVWH ]DMHGQLFD SRGUXþMD NRMH EL PRJOH ELWL XJURåHQH DQWURSRJHQLP XWMHFDMHP L WLPH SR
]DKWMHYLPD WHKQRORJLMH 3URFMHQH RNROLªQRJ UL]LND NYDOLILFLUDWL GD SRVWDQX VXEMHNWL ]DªWLWH =D DQDOL]X
UL]LNDNRULVWL VHPHWRGRORJLMDELRPDUNHUDHNVSR]LFLMH NRMLNYDQWLILFLUDMXELRORªNL UHOHYDQWQX L]ORåHQRVW
RUJDQVNLP ]DJD LYDOLPD L LRQLPD PHWDOD L ELRPDUNHULPD HIHNWD NRML PMHUL QDMUHOHYDQWQLML HIHNW X
RNROLªX  SURPMHQX ELRGLYHU]LWHWD 6XVWDYQD GXJRURþQD LVWUDåLYDQMD IL]LþNRNHPLMVNLK VYRMVWDYD
DQRUJDQVNLKLRUJDQVNLKWYDUL LELRJHRNHPLMVNLKSURFHVDREXKYDüDMX ODERUDWRULMVNDHNVSHULPHQWDOQD L
WHRULMVND LVWUDåLYDQMD WH WHUHQVND LVWUDåLYDQMDX-DGUDQVNRPPRUX LSULSDGDMXüLPXªüLPD WHYRGDPD
GXQDYVNRJLVDYVNRJVOLYD1DJODªHQRMHUD]YLMDQMHPXOWLGLVFLSOLQDUQRJ L LQWHUGLVFLSOLQDUQRJSULVWXSDX
LVWUDåLYDQMLPD YRGHQLK VXVWDYD WH REUD]RYDQMX ]QDQVWYHQLK QRYDND X SRGUXþMX SULURGQLK ]QDQRVWL
SRVHELFHRFHDQRORJLMH
5HVHDUFKSURJUDPPH
7KHORQJWHUPUHVHDUFKSURJUDPPHRI WKH&HQWHUIRUPDULQHDQGHQYLURQPHQWDO UHVHDUFK LV IRFXVHG
RQ WKH LQYHVWLJDWLRQRI WKHELRJHRFKHPLFDO F\FOHV RI LQRUJDQLF DQG RUJDQLF FRQVWLWXHQWV DQGQDWXUDO
FKDUDFWHULVWLFV RI WKH $GULDWLF 6HD DQG IUHVKZDWHU V\VWHPV LQ &URDWLD HYDOXDWLRQ RI DQWKURSRJHQLF
LQIOXHQFHE\PRGHOOLQJGLVWULEXWLRQDQGEHKDYLRXURIVXEVWDQFHVDQG WKHLUVSHFLDWLRQ LQZDWHUDQGDW
QDWXUDOSKDVHERXQGDULHVDVVHVVPHQWRI WKH LPSDFWRI LQRUJDQLFDQGRUJDQLFSROOXWLRQRQELRORJLFDO
VSHFLHVDQGFRPPXQLWLHVHFRORJLFDOULVNDVVHVVPHQWXVLQJWKHPHWKRGRORJ\RIH[SRVXUHELRPDUNHUV
DQGHIIHFWELRPDUNHUVDQGPRQLWRULQJKHDOWKFRQGLWLRQRIDTXDWLFRUJDQLVPV
7KHVH LQYHVWLJDWLRQV DUH DLPHG WR JLYH QHZ VFLHQWLILF NQRZOHGJH IRU HQYLURQPHQWDO PDQDJHPHQW
ZDWHU TXDOLW\ PDQDJHPHQW DQG ZDWHU XVH LQ &URDWLD 7R DFKLHYH WKLV JRDO PRGHO ODERUDWRU\
H[SHULPHQWVDUHXVHG WRJHWKHUZLWK ILHOG REVHUYDWLRQVZKLFKDUH SHUIRUPHG LQ WKH$GULDWLF6HDDQG
DGMDFHQW HVWXDULHV DQG LQ WKH FRQWLQHQWDO VXUIDFH DQG JURXQGZDWHUV RI WKH 6DYD DQG’DQXEH ULYHU















6DVWDY RUJDQVNH WYDUL X SULURGQLP YRGDPD L]X]HWQR MH NRPSOHNVDQ D SRMHGLQDþQL RUJDQVNL VSRMHYL
PH XVREQR VH ]QDWQR UD]OLNXMX SR VYRP SRULMHNOX ELRJHRNHPLMVNRP SRQDªDQMX L HNRWRNVLNRORªNLP
VYRMVWYLPD &LOM WHPH MH VXVWDYQR LVWUDåLYDQMH ELRJHRNHPLMVNRJ SRQDªDQMD VSHFLILþQLK ELRJHQLK L
DQWURSRJHQLKRUJDQVNLKVSRMHYDVSRVHEQLPQDJODVNRPQDRQHVSRMHYHNRMLVX]QDþDMQL]D-DGUDQ L
NRSQHQH YRGH +UYDWVNH ,VWUDåLYDQMD REXKYDüDMX SURXþDYDQMH UDVSRGMHOH L SRQDªDQMD RGDEUDQLK
RUJDQVNLK VSRMHYD X SRUHGEHQR YDåQLPPRUVNLP L NRSQHQLP HNRVXVWDYLPD X] XSRWUHEX SRX]GDQLK
YLVRNRVSHFLILþQLKPHWRGDNRMHXNOMXþXMXSULPMHQXSOLQVNHLWHNXüLQVNHNURPDWRJUDILMHWHVSHNWURPHWULMH

PDVD8VSRUHGRVWHUHQVNLPRSDåDQMLPDSURYRGHVH L ODERUDWRULMVND LVWUDåLYDQMDELRWLþNLK LDELRWLþNLK
SURFHVDNRMLVXRGJRYRUQL]DSRQDªDQMHRUJDQVNLKVDVWRMDNDXRNROLQLNDRªWRVXELRORªNDUD]JUDGQMD
IRWRNHPLMVND UD]JUDGQMD L DGVRUSFLMD 2G ELRJHQLK VDVWRMDND SRVHEQD MH SR]RUQRVW SRVYHüHQD
IRWRVLQWHWVNLPSLJPHQWLPD LQMLKRYLP UD]JUDGQLPSURL]YRGLPDNRML VXSRVOXåLOL ]DNHPRWDNVRQRPVNR
SUDüHQMH GLQDPLNH ILWRSODQNWRQD X VMHYHUQRP -DGUDQX WH XJOMLNRKLGUDWLPD NRML LJUDMX YDåQX XORJX X
QDVWDMDQMXRUJDQVNLKVOX]DYLKQDNXSLQD8WYU HQRMHGDXVDVWDYXILWRSODQNWRQDSUHYODGDYDMXVNXSLQH
NRMH NDR NDUDNWHULVWLþQH GRGDWQH IRWRVLQWHWVNH SLJPHQWH SRVMHGXMX IXNRNVDQWLQ ¶
KHNVDQRLORNVLIXNRNVDQWLQ NORURILO E ¶EXWDQRLORNVLIXNRNVDQWLQ SHULGLQLQ L ]HDNVDQWLQ D QMHJRYD
VH]RQVNDGLQDPLND LSURVWRUQDUDVSRGMHODRGUH HQHVXSULMHVYHJD UHåLPRPVODWNRYRGQLKGRQRVD WH
UHJHQHUDFLMVNLP SURFHVLPD .RQFHQWUDFLMD XJOMNRKLGUDWD X QDMYHüHP GLMHOX JRGLQH QH SUHPDªXMH
YULMHGQRVWL NRMH VX ]DELOMHåHQH ]D GUXJD VYMHWVND PRUD DOL VH X YULMHPH LQWHQ]LYQLK GLMDWRPHMVNLK
FYDWRYDX]DVOD HQRPVORMXPRåHYLªHVWUXNRSRYLVLWL ,VWUDåLYDQMDDQWURSRJHQLKVDVWRMDNDXVPMHUHQD
VX QD PROHNXODUQX NDUDNWHUL]DFLMX RUJDQVNRJ ]DJD HQMD SRULMHNORP L] RGODJDOLªWD RWSDGD WH QD
SURXþDYDQMHLQILOWUDFLMHSRMHGLQLKVDVWRMDNDXSRG]HPQHYRGHSULþHPXMHLGHQWLILFLUDQRQHNROLNRQRYLK
WLSRYD]DJD LYDODSRULMHNORPL]IDUPDFHXWVNHLQGXVWULMH
1DVWDYOMHQR MH LVWUDåLYDQMH VWUXNWXUH L NDWDEROLþNLK VYRMVWDYD PMHªRYLWH PHWDQRWURIQRKHWHURWURIQH
NXOWXUHSRULMHNORPL]SRG]HPQHYRGH3ULWRPHMHSURXþDYDQDGLQDPLNDPMHªRYLWHSRSXODFLMHLPRJXüH
LQWUDNFLMH PH X SRMHGLQLP þODQRYLPD WLMHNRP VXEPHU]QRJ X]JRMD X XYMHWLPD SRJRGQLP ]D UDVW
PHWDQRWURIQLK EDNWHULMD PLNURDHURILOQL XYMHWL X SULVXWQRVWL PHWDQD NDR L]YRUD XJOMLND L HQHUJLMH
8WYU HQR MH GD MH PHWDQRWURIQRKHWHURWURIQD NXOWXUD VWDELOQD DVRFLMDFLMD NRMX þLQL PHWDQRWURIQD






IURP HDFK RWKHU VLJQLILFDQWO\ ZLWK UHVSHFW WR WKHLU RULJLQ ELRJHRFKHPLFDO EHKDYLRXU DQG
HFRWR[LFRORJLFDOSURSHUWLHV7KLVSURMHFWDLPVDWV\VWHPDWLFDOO\LQYHVWLJDWLQJELRJHRFKHPLFDOEHKDYLRXU
RI VSHFLILF ELRJHQLF DQG DQWKURSRJHQLF RUJDQLF FRPSRXQGV ZLWK D VSHFLDO HPSKDVLV RQ WKRVH
FRPSRXQGV ZKLFK DUH FKDUDFWHULVWLF IRU WKH $GULDWLF 6HD DQG IUHVKZDWHUV LQ &URDWLD 7KH UHVHDUFK
SURJUDPPH LQYROYHV WKH VWXG\ RI WKH EHKDYLRXU DQG IDWH RI VHOHFWHG RUJDQLF FRPSRXQGV LQ YDULRXV
PDULQHDQGIUHVKZDWHUHFRV\VWHPVXVLQJKLJKO\VSHFLILFDQDO\WLFDOWHFKQLTXHVVXFKDVKLJKUHVROXWLRQ
JDV FKURPDWRJUDSK\ KLJKSHUIRUPDQFH OLTXLG FKURPDWRJUDSK\ DQG PDVV VSHFWURPHWU\ 7KH




RI JHODWLQRXV PDFURDJJUHJDWHV 7KH FRPSRVLWLRQ RI SK\WRSODQNWRQ LV GRPLQDWHG E\ WKH VSHFLHV
FRQWDLQLQJ IXFR[DQWKLQ ¶KH[DQR\OR[\IXFR[DQWKLQ FKORURSK\O E ¶EXWDQR\OR[\IXFR[DQWKLQ
SHULGLQLQDQG]HD[DQWKLQDV WKHPDLQDFFHVVRU\SLJPHQWVZKLOH WKHVHDVRQDOG\QDPLFVDQGVSDWLDO
GLVWULEXWLRQ DUH GHWHUPLQHG SULPDULO\ E\ IUHVKZDWHU LQSXWV DQG E\ UHJHQHUDWLRQ SURFHVVHV 7KH
FRQFHQWUDWLRQ RI FDUERK\GUDWHV ZDV PRVW RI WKH WLPH FRPSDUDEOH WR WKH OHYHOV UHSRUWHG IRU RWKHU
FRDVWDO VHDV DQG RFHDQV KRZHYHU GXULQJ LQWHQVLYH GLDWRP EORRPV LQ WKH VXUIDFH OD\HU WKH
FRQFHQWUDWLRQ FDQ EH VLJQLILFDQWO\ HQKDQFHG ,QYHVWLJDWLRQ RI WKH EHKDYLRXU RI DQWKURSRJHQLF
FRPSRXQGV ZDV IRFXVHG RQ WKHLU FKDUDFWHULVDWLRQ LQ VROLG ZDVWH ODQGILOO OHDFKDWHV DQG DGMDFHQW










WKDW WKLV FRPPXQLW\ LV VWUXFWXUHG RQ VSHFLILF UHODWLRQVKLSV EHWZHHQ FRPPXQLW\ PHPEHUV 0RVW RI


























VLVWHPDWVND LVWUDåLYDQMD QD PRGHOQLP HNVSHULPHQWDOQLP VXVWDYLPD SRPRüX YODVWLWR QRYRUD]YLMHQLK
SRVWXSDNDHOHNWURNHPLMVNLKPMHUHQMDNRGNRQFHQWUDFLMVNLKXYMHWDXSULURGQLPYRGDPD[[
PRO/3URXþDYDWüHVHKLGUDWDFLMDKLGUROL]DNRPSOHNVLUDQMH LDGVRUSFLMDGHVRUSFLMD UHGRNVVWDQMH L




VH L]UDþXQDYDWL UDVSRGMHOHNHPLMVNLKREOLND LEU]LQH WUDQVIRUPDFLMHNRYLQD L] MHGQLKXGUXJHNHPLMVNH
REOLNH.RGREUDGHUH]XOWDWDSULPMHQMLYDWüHVHSRVHEQRUD]YLMHQLUDYQRWHåQL LNLQHWLþNLELRJHRNHPLMVNL
PRGHOL WH XVSRUHGLWL VD VWDQMHP L SURWRNRP WUDJRYDPHWDOD L]PH X RWRSOMHQRJ VWDQMD DGVRUSFLMH QD
NUXWXID]XLXJUDGQMHXL]DEUDQHRUJDQL]PH
5H]XOWDWL ]QDQVWYHQLK LVWUDåLYDQMD GRSULQRVH WXPDþHQMX UDYQRWHåQLK XYMHWD L LQWHUDNFLMH WUDJRYD
SRMHGLQLK PHWDOD X ªLURNRP NRQFHQWUDFLMVNRP SRGUXþMX NRMH RGJRYDUD XYMHWLPD SULURGQLK  þLVWLK
YRGHQLK VXVWDYD NDR L RQLP XYMHWLPD NRML VH QDOD]H X ]DJD HQLP YRGDPD 8] GHWDOMQX UD]UDGX
UD]YLMHQLVXLSULPLMHQMHQLQRYLDQDOLWLþNLSRVWXSFLNRMLVXSRX]GDQLX]YLVRNXRVMHWOMLYRVW]DRGUH LYDQMH
WUDJRYDPHWDODRGQRVQRNDSDFLWHWDNRPSOHNVLUDQMDWUDJRYDPHWDOD





















$PSOH UHVHDUFK VWXGLHV RQ PRGHO H[SHULPHQWDO V\VWHPV XVLQJ UHFHQWO\ GHYHORSHG KRPHPDGH
HOHFWURFKHPLFDO SURFHGXUHV LQ WKH FRQFHQWUDWLRQ UDQJH EHWZHHQ [ DQG [ PRO/ WKDW
FRUUHVSRQG WR QDWXUDO FRQFHQWUDWLRQ OHYHOV DUH HQYLVDJHG +\GUDWLRQ K\GURO\VLV PHWDO FRPSOH[LQJ
FDSDFLW\DGVRUSWLRQGHVRUSWLRQSURFHVVHVUHGR[VWDWHDVZHOODVWKHUHDUUDQJHPHQWRIWKHGLVWULEXWLRQ
RI FKHPLFDO IRUPV RI WUDFH PHWDOV LQ DTXDWLF V\VWHPV ZLOO EH VWXGLHG 3UHYDLOLQJ ELRJHRFKHPLFDO
SURFHVVHVRIWUDFHPHWDOVLQQDWXUDODQGSROOXWHGZDWHUVZLOOEHVWXGLHGLQGHWDLO,QWHUDFWLRQVRILRQLF
IRUPVZLWKPDFURDQGPLFURFRQVWLWXHQWVRI WKHZDWHUSKDVHDVZHOODVVHGLPHQWVDQGELRWDZLOOEH
HVWDEOLVKHG (TXLOLEULXP FRQVWDQWV RI HDFK SUHGRPLQDQW SURFHVV ZLOO EH PHDVXUHG ZKHUHIURP WKH
GLVWULEXWLRQRIHDFKFKHPLFDOIRUPDVZHOODVWKHH[FKDQJHUDWHEHWZHHQGLIIHUHQWFKHPLFDOIRUPVZLOO
EH GHWHUPLQHG %DVHG RQ WKHVH GDWD WKH GLVWULEXWLRQ RI WKH VSHFLHV LQ DTXHRXV SKDVH ZLOO EH
HYDOXDWHG
7KH UHVXOWV REWDLQHG FRQWULEXWH WR WKH NQRZOHGJH RI WKH HTXLOLEUDWHG FRQGLWLRQV WUDFH PHWDOV
LQWHUDFWLRQVLQDEURDGFRQFHQWUDWLRQUDQJHZKLFKFRUUHVSRQGVWRQDWXUDOSULVWLQHDTXDWLFV\VWHPVDV
ZHOO DV WR WKH FRQGLWLRQV SUHYDLOLQJ LQ SROOXWHG ZDWHUV 1HZO\GHYHORSHG KLJKO\ VHQVLWLYH DQDO\WLFDO












































SULURGL )XQGDPHQWDOQD L SULPLMHQMHQD LVWUDåLYDQMD XVPMHUHQD VX QD XWYU LYDQMH YUVWH SRULMHNOD L
VYRMVWYDRUJDQVNLKWYDULXSULURGQLPL]DJD HQLPYRGHQLPVXVWDYLPDVSRVHEQLPRVYUWRPQDRUJDQVNH
WYDULVSRYUªLQVNLDNWLYQLPVYRMVWYLPD,VWUDåLYDQMDVHSURYRGHXHOHNWUROLWQLPRWRSLQDPDLNRQWUROLUDQLP
XYMHWLPD NDR L X X]RUFLPD UD]QLK WLSRYD SULURGQLK YRGD PRUD VODWNLK YRGD WH X]RUDND L] ]RQH
PLMHªDQMDXXªüXULMHNHSULPMHQRPHOHNWURNHPLMVNLKLVSHNWURIRWRPHWULMVNLKPHWRGDWHKQLNHLVSLWLYDQMD
PRQRVORMHYDWHRGUH LYDQMHPXNXSQRJRUJDQVNRJXJOMLND
,VSLWLYDQMD DGVRUSFLMH SROLVDKDULGD VD VXOIDWQLP VNXSLQDPD DOJDOQRJ SRULMHNOD QD åLYLQRM HOHNWURGL L
þHVWLFDPDDOXPLQLMHYRJ RNVLGD SRWYUGLOD VX GD MH DGVRUSFLMD SROLVDKDULGD QD þHVWLFH XPRUVNRM YRGL
YDåQD ]D SURPMHQX QMLKRYLK VYRMVWDYD XNODQMDQMH L WUDQVSRUW QD PRUVNR GQR ,VSLWLYDQMD DGVRUSFLMH
SLUHQDLSLUHQVXOIRQDWDSUHGVWDYQLNDSROLDURPDWVNLKXJOMLNRYRGLNDQDUD]OLþLWLPPRGHOQLPJUDQLFDPD
ID]DSRND]DOD VXGD VHPROHNXOH SROLDURPDWVNLK XJOMLNRYRGLND XJUD XMX X KLGURIREQX MH]JUX OLSLGQLK
PRQRVORMHYD PLMHQMDMXüL WUDQVSRUW PDVH L QDERMD NUR] PRQRVORMHYH =DSRþHOD VX LVWUDåLYDQMD
DGVRUSFLMH RUJDQVNLK WYDUL QD NUXWLP NULVWDOQLP HOHNWURGDPD ]ODWD L VUHEUD NDNR EL VH LVSLWDOH
PRJXüQRVWL SULPMHQH NUXWLK HOHNWURGD ]D NDUDNWHUL]DFLMX RUJDQVNLK WYDUL X PRUX 1DSUHGDN X
RGUH LYDQMX LNDUDNWHUL]DFLMLRUJDQVNLKWYDULXPRUXSRVWLJQXW MHXYR HQMHPQRYHPHWRGHNRULªWHQMHP
RQLWURIHQROD NDR HOHNWURNHPLMVNH SUREH WH IUDNFLRQLUDQMHP RUJDQVNLK WYDUL SUHPD KLGURIREQRVWL
VRUSFLMRPQD;$’VPROL2EUD HQLVX LGLVNXWLUDQLSRGDFLVXVWDYQLK LVWUDåLYDQMDSRYUªLQVNLDNWLYQLK
WYDULLRWRSOMHQRJRUJDQVNRJXJOMLNDXVMHYHUQRP-DGUDQXXUD]GREOMXRGGRJVRVYUWRP
QD QMLKRYX VH]RQVNX SURPMHQOMLYRVW NRMD MH X XVNRM SRYH]DQRVWL V ILWRSODQNWRQVNLP ]DMHGQLFDPD L
QMLKRYLPOXþHQMHPRUJDQVNLKWYDULVUD]OLþLWLPKLGURIREQRKLGURILOQLPVYRMVWYLPD=DSRþHODVXVXVWDYQD
LVWUDåLYDQMD VSHFLMDFLMH VXPSRUQLK YUVWD WH QMLKRYH SURVWRUQH L YUHPHQVNH UDVSRGMHOH X 6MHYHUQRP





2UJDQLFPDWWHU LV DPLQRU EXW LPSRUWDQW FRPSRQHQW RI QDWXUDO ZDWHUV VLQFH LW SOD\V DPDMRU UROH LQ




FKHPLFDOSURSHUWLHVRIRUJDQLF VXEVWDQFHV LQQDWXUDODQGSROOXWHGZDWHUVHVSHFLDOO\ZLWK UHVSHFW WR
WKH QDWXUH RI VXUIDFH DFWLYH VXEVWDQFHV ,QYHVWLJDWLRQV DUH FDUULHG RXW ERWK LQ DTXHRXV HOHFWURO\WH
VROXWLRQV XQGHU FRQWUROOHG FRQGLWLRQV DV ZHOO DV LQ GLIIHUHQW VDPSOHV RI QDWXUDO ZDWHUV VHDZDWHU
IUHVKZDWHU DQG HVWXDULQH VDPSOHV XVLQJ HOHFWURFKHPLFDO DQG VSHFWURVFRSLF PHWKRGV PRQROD\HU
WHFKQLTXHVDQGE\GHWHUPLQDWLRQRIWRWDORUJDQLFFDUERQ
5HVXOWVRIWKHDGVRUSWLRQVWXG\RIVXOIDWHGSRO\VDFFKDULGHVRIDOJDORULJLQRQWKHPHUFXU\VXUIDFHDQG
RQZHOOGHILQHGDOXPLQLXPR[LGHSDUWLFOHVVXSSRUW WKH LGHD WKDW LQVHDZDWHUDGVRUSWLRQRQSDUWLFOHV
PD\SOD\DQLPSRUWDQWUROHLQWKHWUDQVIRUPDWLRQUHPRYDODQGWUDQVSRUWRISRO\VDFFKDULGHVWRWKHVHD
ERWWRP $GVRUSWLRQ RI SRO\DURPDWLF K\GURFDUERQV S\UHQH DQG S\UHQH VXOIRQDWH ZDV VWXGLHG DW
GLIIHUHQW PRGHO LQWHUIDFHV DQG WKH UHVXOWV VKRZHG WKDW S\UHQHPROHFXOHV LQFRUSRUDWH LQWR WKH




QLWURSKHQRO DV DQ HOHFWURFKHPLFDO SUREH DQG E\ IUDFWLRQDWLRQ RI RUJDQLF VXEVWDQFHV E\ VRUSWLRQ RQ
;$’ UHVLQ 6HDVRQDO YDULDWLRQV RI VXUIDFH DFWLYH VXEVWDQFHV DQG FRQFHQWUDWLRQV RI GLVVROYHG
RUJDQLF FDUERQ LQ WKH QRUWK $GULDWLF LQ WKH SHULRG  ZHUH SUHVHQWHG DQG GLVFXVVHG ZLWK
UHJDUG WR VHDVRQDO IHDWXUHV RI SK\WRSODQNWRQ FRPPXQLWLHV DQG WKHLU UHOHDVH SURGXFWV ZLWK GLIIHUHQW
K\GURSKRELF DQG K\GURSKLOLF SURSHUWLHV 6XOIXU VSHFLDWLRQ DQG VSDWLDO DQG WHPSRUDO GLVWULEXWLRQV RI
GLIIHUHQW VXOIXU VSHFLHVKDYHEHHQ LQYHVWLJDWHG LQ WKH QRUWK$GULDWLF6HDDQG LQ D VPDOO VHDODNHDW

5RJR]QLFDNQRZQDVSHULRGLFDOO\DQR[LFHQYLURQPHQW2UJDQLFORDGRIIUHVKZDWHUV\VWHPVDVZHOODV










,VWUDåLYDQMD VX ELOD XVPMHUHQD QD UD]YRM L SULPMHQX DQDOLWLþNLK PHWRGD ]D RGUH LYDQMH WUDJRYD
HOHNWURDNWLYQLK WYDULX WHNXüLP LNUXWLPSULURGQLPX]RUFLPD8YH]LV WLP ULMHªHQLVXQHNLPHWRGRORªNL
SUREOHPLPMHUHQL VXNLQHWLþNL L WHUPRGLQDPVNLSDUDPHWUL SRYUªLQVNLK UHGRNV UHDNFLMD L SRVWDYOMHQD MH
WHRULMD R SULMHQRVX HOHNWURQD L GLIX]LML LRQD NUR] NUXWH RUJDQVNH L DQRUJDQVNH þHVWLFH2EMDYOMHQR 
]QDQVWYHQLKUDGRYDXþDVRSLVLPDNRMHSUDWL&&
8RNYLUXHOHNWURDQDOLWLþNLKLVWUDåLYDQMDSRND]DQRMHGDVHLQHUWQLNRPSOHNVLPHWDOQLKLRQDVRUJDQVNLP
OLJDQGLPD X SULURGQLP YRGDPDPRJX SURXþDYDWL SVHXGRSRODURJUDIVNRPPHWRGRP NRMD RPRJXüDYD
PMHUHQMHNRQVWDQWHVWDELOQRVWLNRPSOHNVD LQMHJRYLKHOHNWURNHPLMVNLKVYRMVWDYD2VLPWRJDGRND]DQR
MH GD VH WUDJRYL LRQD PDQJDQD X NUXWLP X]RUFLPD NDOFLM NDUERQDWD PRJX GHWHNWLUDWL NRPELQDFLMRP
YROWDPHWULMHVDPMHUHQMHPVSHNWDUDHOHNWURQVNHVSLQVNHUH]RQDQFLMH7LPHVHSRVWLåHGRGDWQLXYLGX
JHRNHPLMVNLFLNOXVPDQJDQD
5D]YLMHQD MH WHRULMD VWHSHQDVWH FLNOLþNH YROWDPHWULMH NRMD X QRYRM HOHNWURNHPLMVNRM LQVWUXPHQWDFLML
]DPMHQMXMH NODVLþQX FLNOLþNX YROWDPHWULMX VD OLQHDUQRP SURPMHQRP SRWHQFLMDOD 3ULPMHQMXMX OL VH RYH
GYLMHWHKQLNHQDUHDNFLMHXWDQNRVORMQLPüHOLMDPDQMLKRYLVHRG]LYLELWQRUD]OLNXMX
8 QDVWDYNX UDGD QD UD]YRMX YROWDPHWULMVNH PHWRGH ]D PMHUHQMH VWDQGDUGQH NRQVWDQWH EU]LQH
SRYUªLQVNH UHGRNV UHDNFLMH RGUH HQL VX NLQHWLþNL SDUDPHWUL UHDNFLMH DGVRUELUDQRJDOL]DULQDFUYHQR6
6WDQGDUGQDNRQVWDQWDEU]LQHWHUHGRNVUHDNFLMHMHNV VDNRHILFLMHQWSULMHQRVDHOHNWURQDMHa
 X PRO/.12NRGS+  ,VWUDåHQD MH WDNR HU L DGVRUSFLMD QHXWUDOQRJ NRPSOHNVD&G, QD
SRYUªLQXåLYLQHHOHNWURGH2YDMSURFHVSULSDGDNODVLDGVRUSFLMDPHWDOQLKLRQDLQGXFLUDQLKDGVRUSFLMRP
OLJDQGD1DGDOMH LVWUDåHQD MH DGVRUSFLMD åLYLQLK DWRPDQDSRYUªLQX ]ODWQH L JUDILWQH HOHNWURGH ªWR MH
YHRPDYDåQR]DRGUH LYDQMHWUDJRYDåLYLQLKLRQDXNRQFHQWUDFLMDPDPDQMLPRGPRO/
3URPMHQH RNVLGDFLMVNLK VWDQMD LRQVNLK NRPSRQHQWL NUXWLQD SURXþDYDMX VH UDGL HYHQWXDOQRJ VWMHFDQMD
XYLGD X GLMDJHQH]X VHGLPHQDWD 5D]YLMHQ MH PRGHO UHYHU]LELOQH UHGRNV UHDNFLMH SUDüHQH GLIX]LMRP
SURWXLRQDNUR]NUXWXþHVWLFX LPRELOL]LUDQXQDSRYUªLQLUDGQHHOHNWURGH’LVNXWLUDQD MHXORJDPLMHªDQLK
ID]D SUL SURSDJDFLML HOHNWURQD NUR] NUXWLQH L SRND]DQR MH WHRULMVNL GD EL SRG XWMHFDMHP RJUDQLþHQRJ
PLMHªDQMD NUXWLK UHGRNV NRPSRQHQWL SULMHQRV HOHNWURQD L LRQD ELR ]QDWQR RWHåDQ 0DOL NULVWDOL
D]REHQ]HQDPHKDQLþNL QDQHªHQL QD SRYUªLQX NUXWH HOHNWURGHPRJX VH UHYHU]LELOQR HOHNWURUHGXFLUDWL
LDNRMHD]REHQ]HQNDRVXSVWDQFDL]RODWRU3RMDYDYROWDPHWULMVNLKRG]LYDREMDªQMHQDMHªLUHQMHPUHGRNV
UHDNFLMHSRYUªLQRPNULVWDODL]PMHQRPHOHNWURQDL]PH XVXVMHGQLKPROHNXOD.RQDþQRSRND]DQRMHGD




VXEVWDQFHV LQ OLTXLG DQG VROLG QDWXUDO VDPSOHV DUH WKH SXUSRVH RI WKH UHVHDUFK 6HYHUDO
PHWKRGRORJLFDO SUREOHPVDUH VROYHG WKH NLQHWLF DQG WKHUPRG\QDPLF SDUDPHWHUV RI UHGR[ UHDFWLRQV
DUHPHDVXUHGDQG WKH WKHRU\RIHOHFWURQV WUDQVIHUDQG LRQVGLIIXVLRQ LQRUJDQLFDQG LQRUJDQLF VROLG
SDUWLFOHVLVGHYHORSHG
,QWKHIUDPHRIHOHFWURDQDO\WLFDOLQYHVWLJDWLRQVLWLVGHPRQVWUDWHGWKDWWKHLQHUWFRPSOH[HVRIPHWDOLRQV
DQGRUJDQLFOLJDQGVLQQDWXUDOZDWHUVFDQEHVWXGLHGE\SVHXGRSRODURJUDSK\ZKLFK LVXVHIXO IRU WKH
PHDVXUHPHQW RI VWDELOLW\ FRQVWDQWV DQG HOHFWURFKHPLFDO SURSHUWLHV RI WKH FRPSOH[HV %HVLGHV LW LV
SURYHQ WKDW WKH WUDFHV RI PDQJDQHVH LRQV LQ WKH VROLG FDOFLXP FDUERQDWH FDQ EH GHWHFWHG E\ WKH
FRPELQDWLRQRIYROWDPPHWU\DQGHOHFWURQVSLQUHVRQDQFHVSHFWURVFRS\%\WKLVPHWKRGDJHRFKHPLFDO
F\FOHRIPDQJDQHVHFDQEHDQDO\VHG
$ WKHRU\ RI VWDLUFDVH YROWDPPHWU\ DSSOLHG WR UHGR[ UHDFWLRQV LQ D WKLQOD\HU FHOO LV GHYHORSHG $

VLJQLILFDQWGLIIHUHQFHLQUHVSRQVHVRIVWDLUFDVHDQGOLQHDUVFDQYROWDPPHWU\LVSUHGLFWHG
&RQWLQXLQJ WKH UHVHDUFK RI YROWDPPHWULF PHWKRGV IRU WKH PHDVXUHPHQWV RI NLQHWLF SDUDPHWHUV RI
VXUIDFH UHGR[ UHDFWLRQV WKH VWDQGDUG UDWH FRQVWDQW DQG WKH WUDQVIHU FRHIILFLHQW RI WKH DGVRUEHG
DOL]DULQHUHG6LQ0.12DWS+DUHGHWHUPLQHGDVNV VDQGa UHVSHFWLYHO\
$OVR WKH DGVRUSWLRQRI QHXWUDO FRPSOH[&G, WR WKHPHUFXU\ HOHFWURGH VXUIDFH LV LQYHVWLJDWHG7KLV
SURFHVVLVDQH[DPSOHRIWKHDQLRQLQGXFHGDGVRUSWLRQRIPHWDO LRQV)XUWKHUPRUHWKHDGVRUSWLRQRI
PHUFXU\ DWRPV WR WKH VXUIDFH RI JROG DQG JODVV\FDUERQ HOHFWURGHV LV DQDO\VHG WKHRUHWLFDOO\ 7KLV
UHDFWLRQLVXWLOL]HGIRUWKHGHWHUPLQDWLRQRIPHUFXU\LRQVLQFRQFHQWUDWLRQVEHORZPRO/
&KDQJHVRIR[LGDWLRQVWDWHVRI LRQLFFRPSRQHQWVRIVROLGVDUH LQYHVWLJDWHG WRJDLQDQ LQVLJKW LQWR D
GLDJHQHVLVRIVHGLPHQWV$PRGHORIUHYHUVLEOHUHGR[UHDFWLRQFRXSOHGE\WKHGLIIXVLRQRILRQVWKURXJK
WKHVROLGSDUWLFOHZKLFK LV LPPRELOL]HGRQ WKHHOHFWURGHVXUIDFH LVGHYHORSHG$Q LQIOXHQFHRIPL[HG
UHGR[ SKDVHV RQ WKH SURSDJDWLRQ RI HOHFWURQV WKURXJK WKH VROLG LV GLVFXVVHG ,W LV GHPRQVWUDWHG
WKHRUHWLFDOO\WKDWWKHOLPLWHGVROXELOLW\RIVROLGUHGR[SKDVHVKLQGHUVWKHHOHFWURQWUDQVIHU0RUHRYHULW
LV VKRZQ H[SHULPHWDOO\ WKDW D]REHQ]HQH PLFURFU\VWDOV PHFKDQLFDOO\ WUDQVIHUUHG WR WKH HOHFWURGH
VXUIDFH DQG LPPHUVHG LQWR D OLTXLG HOHFWURO\WH FDQ EH UHYHUVLEO\ HOHFWURUHGXFHG DOWKRXJK WKH GU\
D]REHQ]HQHLVDQLQVXODWRU7KHYROWDPPHWULFUHVSRQVHRIVROLGD]REHQ]HQHLVH[SODLQHGE\WKHVHULHV
RIHOHFWURQWUDQVIHUVEHWZHHQWKHQHLJKERXULQJPROHFXOHVRQWKHVXUIDFHRIPLFURFU\VWDOV)LQDOO\LWLV
GHPRQVWUDWHG WKDW WKH VROLG SDUWLFOHV RI FREDOW SKWKDORF\DQLQH PHFKDQLFDOO\ LPPRELOL]HG RQ WKH
















]D LQWHUSUHWDFLMX HNVSHULPHQWDOQLK SRGDWDND R WDNRYLP SURFHVLPD 5D]YRM LQIRUPDFLMVNLK L
NRPXQLNDFLMVNLKVXVWDYDX LVWUDåLYDQMXSULURGQLKYRGD3ULPMHQD*,6 L GLJLWDOQRJSURFHVLUDQMDVOLNHX
LVWUDåLYDQMX SULURGQLK YRGD 3URFMHQD XQRVD QXWULMHQDWD XJOMLNRYRGLND L WHªNLK PHWDOD RG VWUDQH
DQWURSRJHQLK L]YRUD QD SULREDOQLP L RWRþQLP RSüLQDPD VWDQRYQLªWYR WXULVWL L LQGXVWULMD X PRUH
5HSXEOLNH+UYDWVNH
1DVWDYOMHQMHUDGQDWHRULMVNLPLVWUDåLYDQMLPDLQWHUDNFLMHWHªNLKPHWDODVRUJDQVNLPWYDULPDXSULURGQLP
YRGDPD1DVWDYOMHQDVX LVWUDåLYDQMDSULPMHQMHNRQWLQXLUDQLKPRGHOD LQWHUDNFLMH QDJUDQLFDPD ID]D V
KHWHURJHQLPDNWLYQLPPMHVWLPD]DYH]DQMHPHWDOD3RND]DQRMHGDPRGHODGVRUSFLMHQDKHWHURJHQLP
SRYUªLQDPD X] SUHWSRVWDYNX %ROW]PDQQRYH UDVSRGMHOH HQHUJLMD YH]DQMD PRåH REMDVQLWL VWYDUDQMH
PRQRVORMD L GD NRG QLVNLK SRNULYHQRVWL SRYUªLQH VD DGVRUEDWRP SRVWRML PRJXüQRVW GD LVWL PRGHO
SUHGYL D NDR JUDQLþQL VOXþDM LGHDOQX DGVRUSFLMX W]Y +HQU\HYL XYMHWL LLOL ’XELQLQ 5DGXVKNHYLFK
DGVRUSFLMVNX LVRWHUPX5HLQWHUSUHWLUDQL VX HNVSHULPHQWDOQL UH]XOWDWL DGVRUSFLMH SOHPHQLWLK SOLQRYD QD
KHWHURJHQLP SRYUªLQDPD L NRPSOHNVLUDQMD WHªNLK PHWDOD VD KXPLQVNLP LOL IXOYLþQLP OLJDQGLPD
SULPMHQMXMXüL WDNRYH NRQWLQXLUDQHPRGHOH ,]UD HQ MH NULWLþNL SUHJOHG SRVWRMHüLK WHRULMD KRPRJHQRJ L
KHWHURJHQRJ NRPSOHNVLUDQMD WUDJRYD WHªNLK PHWDOD X DNYDWLþNLP HNRVXVWDYLPD NRMH ED]LUDMX QD
GLVNUHWQLP L NRQWLQXLUDQLP UDVSRGMHODPD SDUDPHWDUD NRPSOHNVLUDQMD 5D]YLMHQD MH QRYD PHWRGD ]D
DQDOL]XSRGDWDNDGRELYHQLK LVWUDåLYDQMHPNRPSOHNVLUDQMDWUDJRYDWHªNLKPHWDODXSULURGQLPYRGDPD
3ULPMHQRPRYHPHWRGHLQWHUSUHWLUDQLVXUH]XOWDWLGRELYHQLGLUHNWQRPWLWUDFLMRPX]RUDNDYRGHL]MH]HUD
7MHXNHPHHU V&X,,2GUH HQH VX VWDELOQRVWL .L L NDSDFLWHWL NRPSOHNVLUDQMD /7L ]D þHWLUL UD]OLþLWH

JUXSHNRPSOHNVD&X,,VDSULURGQLPOLJDQGLPD
5D]YLMHQ MH LQWHJUDOQL UHIHUDOQL LQIRUPDFLMVNL VXVWDY R LVWUDåLYDQMX -DGUDQVNRJ PRUD V XJUD HQLP
IXQNFLMVNLP L RUJDQL]DFLMVNLP DVSHNWLPD SURYHGHQLK LVWUDåLYDQMD 3URMHNWLUDQMH L LPSOHPHQWDFLMD WRJ
5’%06 LQIRUPDFLMVNRJ VXVWDYD L]YUªHQR MH XSRWUHERP &$6( DODWD 326( L VXVWDYD ,1*5(6
5D]YLMHQD MH DSOLNDFLMD NRMD RPRJXüXMH SURVWRUQL L YUHPHQVNL SULND] SRGDWDND 9HULILNDFLMD RYRJ
LQIRUPDFLMVNRJVXVWDYDL]YUªHQDMHQDRJUDQLþHQRPEURMXSRGDWDNDL]WULUD]OLþLWDLVWUDåLYDþNDSURMHNWD
.RULVWHüL PHWRGX SRYUDWQRJ PRGHOLUDQMD UHNRQVWUXLUDQ MH PRGHO SRGDWDND X VXVWDYX ’()) NRML VH
NRULVWL]DXSUDYOMDQMHSRGDFLPDL]WUDQVQDFLRQDOQRJPRQLWRULQJD7101NYDOLWHWHSRYUªLQVNLKYRGDX
SRGUXþMX VOLYD ULMHNH ’XQDY ,]YUªHQD MH GHWDOMQD DQDOL]D VXVWDYD ’()) L SUHGORåHQH VX L
LPSOHPHQWLUDQH RGUH HQH SURPMHQH ]D SREROMªDQMH WRJ VXVWDYD =DSRþHW MH UD]YRM GLVWULEXLUDQRJ L
PXOWLPHGLMVNRJ LQWHJUDOQRJ LQIRUPDFLMVNRJ VXVWDYD ]D XSUDYOMDQMH SRGDFLPD R NYDOLWHWL SRYUªLQVNLK
YRGDVGLUHNWQLPSULVWXSRPED]DPDSRGDWDND LSULND]RPDSOLNDFLMDNRULVWHüL ,17(51(7 LGLQDPLþNX











7KH LQYHVWLJDWLRQRI LQWHUDFWLRQRIKHDY\PHWDOVZLWKRUJDQLFPDWHU LQDTXDWLFV\VWHPV LVFRQWLQXHG
$SSOLFDWLRQ RI PRGHOV RI LQWHUDFWLRQ RI PHWDOV ZLWK KHWHURJHQHRXV DFWLYH VLWHV DW KHWHURJHQHRXV
LQWHUIDFHVKDYHEHHQFRQWLQXHG,WKDVEHHQLOOXVWUDWHGWKDWWKHPRGHORIDGVRUSWLRQDWKHWHURJHQHRXV
VXUIDFHVDVVXPLQJ WKH%ROW]PDQQGLVWULEXWLRQRIELQGLQJHQHUJLHV FDQH[SODLQ WKH IRUPDWLRQRI WKH
FRPSOHWHPRQROD\HUDQG WKDWDW ORZHUVXUIDFHFRYHUDJHV WKHVDPHPRGHOSUHGLFWVZHOO WKH OLPLWLQJ
FDVH RI WKH LGHDO DGVRUSWLRQ +HQU\ FRQGLWLRQV RU ’XELQLQ5DGXVKNHZLFK LVRWKHUP ([SHULPHQWDO
UHVXOWV RQ WKH DGVRUSWLRQ RI QREOH JDVHV RQ KHWHURJHQHRXV VXUIDFHV DQG FRPSOH[DWLRQ RI KHDY\
PHWDOVZLWK IXOYLF DQG KXPLF OLJDQGV KDYH EHHQ UHLQWHUSUHWHG XVLQJ WKLVPRGHO $ FULWLFDO UHYLHZ RI
H[LVWLQJ WKHRULHV RI KRPRJHQHRXV DQG KHWHURJHQHRXV FRPSOH[DWLRQ RI WUDFH PHWDOV LQ DTXDWLF
V\VWHPVLVSUHSDUHG1HZPHWKRGLVGHYHORSHGIRUWKHDQDO\VLVRIH[HSULPHQWDOGDWDRQFRPSOH[DWLRQ
7KH PHWKRG LV DSSOLHG IRU WKH LQWHUSUHWDWLRQ RI H[SHULPHQWV REWDLQHG E\ GLUUHFW WLWUDWLRQ RI /DNH
7HXNHPHHUZDWHUZLWK&X,,6WDELOLW\FRQVWDQWV.LDQGFRPSOH[LQJFDSDFLWLHV/7LDUHGHWHUPLQHG
IRUIRXUGLIIHUHQWJRXSVRIFRPSOH[HVZLWKQDWXUDOOLJDQGV






ZDWHU TXDOLW\ LQ’DQXEH FKDWFKPHQW DUHD GDWDPRGHO LV UHFRQVWUXFWHG’HWDLOHG DQDO\VLV RG’())
V\VWHP LV SHUIRUPHG DQG SURSRVDOV IRU LWV LPSURYHPHQW DUH PDGH ’HYHORSPHQW RI GLVWULEXWHG
PXOLPHGLDLQWHJUDO LQIRUPDWLRQV\VWHPIRUPDQDJHPHQWRIGDWDRQZDWHUTXDOLW\LV LQLWLDWHGZKLFKZLOO




ZDVWH ZDWHUV DQG QDWXUDO ZDWHUV WUDQVSRUWHG IURP LQGLYLGXDO VHWWOHPHQWV ORFDO FRPXQLWLHV DQG




























3UDüHQL HQ]LPL WUDQVDPLQD]H $67 L$/7 ODNWDW GHKLGURJHQD]H /’ NUHDWLQ NLQD]H &. L DONDOQH
IRVIDWD]H $3 XND]DOL VX QD SRYHüDQMH VLQWH]H DPLQRNLVHOLQD PLQLPDOQH UD]OLNH X PHWDEROL]PX
XJOMLNRKLGUDWD WH QD VPDQMHQX SHUPHDELOQRVW VWDQLþQLK PHPEUDQD %DNWHULRORªNLP LVWUDåLYDQMHP
LKWLRIDXQHXMH]HUX9UDQDQD&UHVXXVWDQRYOMHQDMHSULVXWQRVWEDNWHULMVNDVRMD9HüLQDEDNWHULMDELOD
MH XELNYLWDUQD D GHWHUPLQLUDQH VX L SDWRJHQH EDNWHULMH VSHFLILþQH ]D ULEH 3DVWHXUHOOD SLVFLFLGD
(GZDUGVLHOOD LFWDOXUL  L]RODWD ELOR MH YUOR LOL XPMHUHQR RVMHWOMLYR SUHPD WHVWLUDQLP DQWLPLNUREQLP
OLMHNRYLPD ,VWUDåLYDQD MH ]DVWXSOMHQRVW ]QDþHQMH L UDªLUHQRVW SDUD]LWRIDXQH NRG FLSULQLGQLK L
VDOPRQLGQLK YUVWD ’HWHUPLQLUDQR MH  YUVWD QDPHWQLND L] URGRYD 3URWR]RD 0RQRJHQRLGHD





VPU]QXWH VUGHOH L VXKH SDVWUYVNH SHOHWH  8WYU HQR MH GD VX RUJDQL]PL NRML RELWDYDMX QD




:DWHU TXDOLW\ RI QDWXUDO DQG FRQWUROOHG HFRV\VWHPV UHSUHVHQWV RQH RI SUHUHTXLVLWHV IRU WKH
SUHVHUYDWLRQ RI KHDOWK VWDWXV RI DTXDWLF RUJDQLVPV7KH SROOXWLRQ LQIOXHQFHV SK\VLFDO FKHPLFDO DQG
ELRORJLFDODVSHFWVRIZDWHUTXDOLW\DVZHOO DVSDWKRSK\VLRORJLFDO VWDWXVRI LQGLFDWRURUJDQLVPV7KH
FKDQJH RI HQYLURQPHQWDO FRQGLWLRQV IUHVKZDWHUVHDZDWHU ZDV PDQLIHVWHG LQ WKH FKDQJH RI
ELRFKHPLFDOEORRGSDUDPHWHUVLHLQHQ]\PHDFWLYLWLHVRIDQDGURPRXVILVK7KHH[DPLQHGHQ]\PHV
WUDQVDPLQDVH $67 DQG $/7 ODFWDW GHK\GURJHQDVH /’ FUHDWLQ NLQDVH &. DQG DOFDOLF
SKRVSKDWDVH$3LQGLFDWHGDQLQFUHDVHLQDPLQRDFLGV\QWKHVLVPLQLPXPGLIIHUHQFHVLQFDUERK\GUDWH
PHWDEROLVPDQGGHFUHDVHGSHUPHDELOLW\ RI FHOOPHPEUDQHV%DFWHULRORJLFDO LQYHVWLJDWLRQVRI ILVK LQ
WKH/DNH9UDQDRQWKH&UHV,VODQGUHVXOWHGLQLGHQWLILFDWLRQRIEDFWHULDOVWUDLQV0RVWRIWKHEDFWHULD
ZHUHXELTXLWRXVKRZHYHU WKHEDFWHULDSDWKRJHQLFIRU ILVKZHUHDOVRGHWHFWHG3DVWHXUHOODSLVFLFLGD
(GZDUGVLHOOD LFWDOXUL   RI LVRODWHV ZHUH YHU\ RU PRGHUDWHO\ VHQVLWLYH DJDLQVW WKH WHVWHG
DQWLPLFURELDOV7KHSUHVHQFHWKHLPSRUWDQFHDQGSUHYDOHQFHRISDUDVLWRIDXQDLQFLSULQLGDQGVDOPRQLG
VSHFLHV ZHUH LQYHVWLJDWHG  SDUDVLWLF VSHFLHV EHORQJLQJ WR WKH JHQHUD 3URWR]RD 0RQRJHQRLGHD




OLQHV (3& )+0 57* QHFHVVDU\ IRU WKH GLDJQRVWLFV RI ILVK YLUDO GLVHDVHV ZDV HVWDEOLVKHG
)HHGLQJ RI \HOORZWDLO 6HULROD GXPHULOL ZDV EDVHG RQ WKH XVH RI GLIIHUHQW GLHWV DFFRPSDQLHG ZLWK
JURZWK UDWH PHDVXUHPHQWV DQG FDUFDVV FRPSRVLWLRQ DQDO\VLV RI WKH ILVK 7KH EHVW UHVXOWV ZHUH
REWDLQHGZLWKIUR]HQSLOFKDUGDQGGU\WURXWSHOOHWV,WZDVHVWDEOLVKHGWKDWWKHRUJDQLVPVOLYLQJ
LQDVSHFLILF ORFDOLW\ UHSUHVHQWELRLQGLFDWRUVZKRVHSK\VLRORJLDOSDWKRSK\VLRORJLFDOFRQGLWLRQVJLYHD




















&LOM LVWUDåLYDQMDVXQRYDVD]QDQMDRSRYUªLQVNRNHPLMVNLP LHOHNWURNHPLMVNLPVYRMVWYLPDJUDQLFD ID]D





8SRWUHEOMHQL VX þLVWLPDWHULMDOL NDR LPDWHULMDOLPRGLILFLUDQL WLSLþQLPRUJDQVNLP VXSVWDQFLMDPDNRMH VH
SRMDYOMXMX X SULURGQLP YRGDPD KXPXVQD NLVHOLQD 1D QHNLP PDWHULMDOLPD ULSLGROLW EDMGHOLW QD
XPMHWDQ MHQDþLQ POMHYHQMHPSRYHüDQDVSHFLILQDSRYUªLQD WH MH LVSLWDQXWMHFDMRYRJSDUDPHWUD QD




3ULPMHQRP HOHNWURNHPLMVNH LPSHGDQFLMVNH VSHNWURVNRSLMH LVWUDåLYDQD VX VYRMVWYD SDVLYQLK ILOPRYD
IRUPLUDQLK DQRGQRP RNVLGDFLMRP QD PHWDOQRP VWDNOX )H% 3RND]DQR MH GD MH XNXSQD
LPSHGDQFLMDVLVWHPDRGUH HQDLPSHGDQFLMRPPH XID]QRJSRGUXþMDVWYRUHQRJL]PH XSDVLYQRJILOPDL
RWRSLQH HOHNWUROLWD 8 FLMHORP SRGUXþMX SRWHQFLMDOD SDVLYQRVWL XJODYQRP NDSDFLWLYQR SRQDªDQMH





VROLGOLTXLG LQWHUIDFH RI QDWXUDO DQG DUWLILFLDO PDWHULDOV 7KH VXUIDFHV RI W\SLFDO FOD\ FRQVWLWXHQWV
PRQWPRULOORQLWH LOOLWH FKORULWH FDOFLWH DV ZHOO DV RI PRGHO VXEVWDQFHV VLOLFD DOXPLQXP R[LGH
JLEEVLWH ZHUH FKDUDFWHUL]HG E\ PHDVXUHPHQWV RI HOHFWURNLQHWLF ]HWDSRWHQWLDO LQ ZHOOGHILQHG
HOHFWURO\WHVROXWLRQV1D&O&D&/&OHDQPDWHULDOVZHUHXVHGDVZHOODVWKHPDWHULDOVPRGLILHGE\




FOD\PLQHUDOVPRVWO\GXHWR WKH LQIOXHQFHRIKXPLFDFLGH[KLELWQHJDWLYHFKDUJH LQQDWXUDOZDWHU LV
SURSRVHG7KLVLVRQHRIPDLQSDUDPHWHUVLQSUHGLFWLQJWKHPHFKDQLVPVRIUHFHSWLRQDQGWUDQVSRUWRI
SROOXWDQWVLQQDWXUDOZDWHUV
7KH SURSHUWLHV RI SDVVLYH OD\HUV IRUPHG E\ DQRGLF R[LGDWLRQ RI JODVV\ DOOR\ )H% ZHUH
LQYHVWLJDWHG E\ WKH XVH RI HOHFWURFKHPLFDO LPSHGDQFH VSHFWURVFRS\ ,W ZDV VKRZQ WKDW WKH RYHUDOO
LPSHGDQFH LV GHWHUPLQHG E\ WKH LPSHGDQFH RI DQ LQWHUIDFLDO OD\HU EHWZHHQ WKHSDVLYH ILOPDQG WKH
HOHFWURO\WH VROXWLRQ ,Q WKH SDVVLYH UDQJH PRVWO\ GXH WR D FODVVLFDO 1HUQVWLDQ S+ GHSHQGHQFH RI
LPSHGDQFH WKH VHPLFRQGXFWLQJ SURSHUWLHV RI WKH ILOP DUH HYLGHQW 5HODWLYHO\ KLJK SDVVLYH FXUUHQWV


















,VWUDåLYDQMD QD RYRM WHPL XVPMHUHQD VX QD VWYDUDQMH QRYLK VSR]QDMD R HXWURILNDFLML L SURFHVLPD
DJUHJDFLMH RUJDQVNLK þHVWLFD X PRUX V SRVHEQLP QDJODVNRP QD UD]YRM L SULPMHQX QRYLK PHWRGD
PMHUHQMD L PRGHOLUDQMD 3RVOMHGLFD SRYHüDQRJ GRQRVD KUDQMLYLK WYDUL X XåD L SULREDOQD PRUD VX
SUHNRPMHUQLFYDWRYLILWRSODQNWRQDX]]QDWDQSRUDVWNRQFHQWUDFLMHRWRSOMHQHRUJDQVNHWYDUL LRUJDQVNLK
þHVWLFD)L]LNDOQRNHPLMVNLSURFHVLDJUHJDFLMH X]ELRORªNH LQWHUDNFLMH SUHKUDPEHQRJ ODQFD RGUH XMX
VXGELQX RUJDQVNLK þHVWLFD X DNYDWRULMX 8] RSüL ]QDQVWYHQL LQWHUHV ]D UD]XPMHYDQMH SURFHVD
DJUHJDFLMH L XWMHFDMD NRML LPD QD JOREDOQL FLNOXV XJOMLND ]D QDV VX RG SRVHEQRJ ]QDþDMD SURFHVL
HXWURILNDFLMHX6MHYHUQRP-DGUDQX LXQRYLMHYULMHPHVYH L]UDåHQLMDPDVRYQDSRMDYDPDNURDJUHJDWD





(OHNWURNHPLMVNL VX LVSLWDQD VYRMVWYD SULMDQMDQMD L DJUHJDFLMH UD]OLþLWLK WLSRYD PRUVNLK EDNWHULMD NDR L
QMLKRYDLQWHUDNFLMDVDVWDQLFDPDILWRSODQNWRQD3RVHEQRMHLVWUDåLYDQXGLRKLGURIREQLKLHOHNWURVWDWVNLK
LQWHUDNFLMDXQDNXSOMDQMXQDPH XSRYUªLQDPD2WNULYHQLVX WLSRYLHOHNWURNHPLMVNLKRGD]LYD HOHNWULþQL
VLJQDOLSULMDQMDQMDNRMLNDUDNWHUL]LUDMXDGKH]LMXQDMUHDNWLYQLMLKNRPSRQHQDWDXDJUHJDFLMLRUJDQVNHWYDUL
X PRUX DGKH]LMX SRSXODFLMD VORERGQLK EDNWHULMD SRMHGLQDþQLK VWDQLþQLK QDNXSLQD L HJ]RSROLPHUQLK
þHVWLFD YHOLþLQH  PLNURPHWDUD 5DVSRGMHOD HJ]RSROLPHUQLK þHVWLFD SUDüHQD MH X 6MHYHUQRP
-DGUDQX QD SRVWDMDPD GXå WUDQVHNWD 5RYLQM3R X UD]GREOMX QHSRVUHGQR SULMH ]D YULMHPH L QDNRQ
PDVRYQHSRMDYHPDNURDJUHJDWDQDPRUVNRMSRYUªLQLXOMHWR
8þLQMHQMH]QDþDMDQGRSULQRVMHGQRPRGFLOMHYDWHPHUD]MDªQMDYDQMXXORJHIL]LþNRNHPLMVNLKLQWHUDNFLMD
L ELRIL]LþNLK SURFHVD SRVHEQR ID]QLK SURPMHQD X QDNXSOMDQMX RUJDQVNH WYDUL QDPH XSRYUªLQDPD X
PRUX
8 SRGUXþMX HNRORªNRJ PRGHOLUDQMD SURFHVL HXWURILNDFLMH LVWUDåLYDQL VX PRGHOLUDQMHP GLQDPLNH
ILWRSODQNWRQDRWRSOMHQRJNLVLNDPRGHOLPDWUDQVSRUWDQXWULMHQDWDLWRNVLþQLKWYDUL$QDOL]LUDQLVXSRGDFL
V RGDEUDQLK REDOQLK L HVWXDUQLK SRGUXþMD 0HGLWHUDQD )RUPXOLUDQ MH L DQDOL]LUDQ QRYL PRGHO UDVWD
ILWRSODQNWRQDRJUDQLþHQRJV YLªH KUDQMLYLK YUVWD D QDRVQRYXPRGHOD GLQDPLNHNLVLND REMDªQMHQD MH

YH]D L]PH X FYMHWDQMD ILWRSODQNWRQD L SRMDYH KLSRNVLMH X 6MHYHUQRP -DGUDQX 0RGHOL WDQVSRUWD
QXWULMHQDWD L WRNVLþQLK WYDUL SULPLMHQMHQL VX ]D RSWLPDOQR XSUDYOMDQMH REDOQLP PRUHP $NWLYQRVW QD





7KH WKHPH LV IRFXVHG RQ GHYHORSLQJ QHZ FRQFHSWV LQ XQGHUVWDQGLQJVWXG\LQJ HXWURSKLFDWLRQ DQG
DJJUHJDWLRQ SURFHVVHV RI RUJDQLF SDUWLFOHV LQ HVWXDULHV DQG FRDVWDO VHD 7KH HPSKDVLV LV RQ
GHYHORSPHQWDQGDSSOLFDWLRQVRIQHZPHDVXUHPHQWDQGPRGHOOLQJPHWKRGV,QFUHDVLQJDQWURSRJHQLF
LQSXWV RI QXWULHQWV WR HVWXDULHV DQG FRDVWDO VHD UHVXOW LQ LQFUHDVLQJ SK\WRSODQNWRQ SURGXFWLRQ DQG
KLJKHUFRQFHQWUDWLRQVRIRUJDQLF SDUWLFOHV LQ WKHVL]H UDQJH IURPQDQRSDUWLFOHV WRPDFURDJJUHJDWHV
3K\VLFRFKHPLFDODJJUHJDWLRQDVZHOODVELRORJLFDOLQWHUDFWLRQVZLWKLQWKHIRRGZHEGHWHUPLQHWKHIDWH
RIRUJDQLFSDUWLFOHVLQWKHDTXDWRULXP
)XQGDPHQWDO ODERUDWRU\ UHVHDUFK FRQVLVWHG LQ GHYHORSLQJ QHZ HOHFWURFKHPLFDO VHQVRUV EDVHG RQ
DGKHVLRQ DQG SUHSDUDWLRQ RI FRQGXFWLYH ILOPV RI FDWLRQLF G\HV IRU IXQFWLRQDOLVDWLRQ RI WKH HOHFWURGH
VXUIDFH,QWHUIDFLDOSURSHUWLHVDQGDWWDFKPHQWRIVHOHFWHGVWUDLQVRIPDULQHEDFWHULDDQGSK\WRSODQNWRQ
FHOOV ZDV VWXGLHG XVLQJ WKH HOHFWURGH DV PRGHO LQWHUIDFH ZKLFK DOORZHG GLVWLQFWLRQ EHWZHHQ
K\GURSKRELFDQGHOHFWURVWDWLFLQWHUDFWLRQVLQDJJUHJDWLRQ7\SHVRIHOHFWULFDODWWDFKPHQWVLJQDOVRIWKH
PRVW UHDFWLYH FRPSRQHQWV LQ RUJDQLF PDWWHU DJJUHJDWLRQ DGKHVLRQ RI IUHHOLYLQJ DQG DWWDFKHG
EDFWHULDLQGLYLGXDOSK\WRSODQNWRQFHOOVDQGIOXLGH[RSRO\PHULFSDUWLFOHVVL]HmP’LVWULEXWLRQRI
H[RSRO\PHULF SDUWLFOHV ZDV PHDVXUHG LQ WKH 1RUWKHUQ $GULDWLF DORQJ WKH WUDQVHFW 5RYLQM3R ULYHU
EHIRUHGXULQJDQGDIWHUWKHPDVVLYHDSSHDUDQFHRIJHODWLQRXVPDFURDJJUHJDWHVDWWKHVHDVXUIDFHLQ
VXPPHU  ’RPLQDQW UROH RI SK\VLFRFKHPLFDO LQWHUDFWLRQV ELRSK\VLFDO SURFHVVHV DQG SKDVH
WUDQVLWLRQVKDVEHHQLQGLFDWHG
,Q WKH GRPDLQ RI HFRORJLFDO PRGHOOLQJ HXWURSKLFDWLRQ KDV EHHQ VWXGLHG E\ PRGHOOLQJ G\QDPLFV RI
SK\WRSODQNWRQRIGLVVROYHGR[\JHQDQGRIQXWULHQWDQGWR[LFVXEVWDQFHVWUDQVSRUW)LHOGGDWDIURPD
IHZHVWXDULQHDQGFRDVWDO0HGLWHUUDQHDQUHJLRQVKDYHEHHQDQDO\VHG$QHZPRGHORISK\WRSODQNWRQ
JURZWK ZLWK PXOWLSOH QXWULHQW OLPLWDWLRQ KDV EHHQ IRUPXODWHG DQG DQDO\VHG %DVHG RQ D PRGHO RI
R[\JHQG\QDPLFVD UHODWLRQVKLSEHWZHHQSK\WRSODQNWRQEORRPVDQGHSLVRGHVRI ERWWRPK\SR[LD LQ
1RUWKHUQ$GULDWLFKDVEHHQFODULILHG1XWULHQWDQGWR[LFVXEVWDQFHVPRGHOVKDYHEHHQXVHGLQRSWLPDO
PDQDJHPHQWRI WKHFRDVWDOVHD7KHDFWLYLWLHVRQDGYDQFLQJ WKHDSSOLFDWLRQRIHFRORJLFDOPRGHOOLQJ

















3UHGPHW SUHGORåHQLK LVWUDåLYDQMD MH UDVSRGMHOD SRMHGLQLKPLNURHOHPHQDWD L UDGLRQXNOLGD X SULURGQLP
VXVWDYLPD PHKDQL]DP L EU]LQD QMLKRYRJ ªLUHQMD WH SURFHVL YH]LYDQMD QD VXVSHQGLUDQL PDWHULMDO
VHGLPHQWWORLELRWX3ULPMHQDUDGLRDNWLYQLKRELOMHåLYDþDXVYUKXRGUH LYDQMDNULWLþQLKSXWHYDªLUHQMD

]DJD HQMD SRG]HPQLK YRGRQRVQLK KRUL]RQDWD  ,VSLWLYDQMH VRUSFLMVNLK VSRVREQRVWL JHRORªNRJ
PDWHULMDOD LRGUH LYDQMHNRHILFLMHQWDGLVWULEXFLMHPLNURHOHPHQDWD ,VSLWLYDQMDQDþLQDREUDGHSULURGQLK
X]RUDND WH UD]YLMDQMH WHKQLND PMHUHQMD UDGLRDNWLYQRVWL X VYUKX SRYHüDQMD RVMHWOMLYRVWL PMHUHQMD




7KH SXUSRVH RI WKH SURSRVHG UHVHDUFK LV WR UHYHDO WKH GLVWULEXWLRQ RI FHUWDLQ PLFURHOHPHQWV DQG
UDGLRQXFOLGHV LQ QDWXUDO V\VWHPV WKHLU VSUHDGLQJ PHFKDQLVPV DQG YHORFLWLHV DV ZHOO DV ELQGLQJ
SURFHVVHVLQFOXGLQJVXVSHQGHGPDWWHUVHGLPHQWVRLODQGELRWD ,QRUGHUWRDFFRPSOLVKWKHWDVNWKH
IROORZLQJUHVHDUFKZRXOGEHGRQH7KHGHWHUPLQDWLRQRIFULWLFDOSDWKZD\VRISROOXWLRQLQXQGHUJURXQG
ZDWHUEHDULQJ KRUL]RQV E\ UDGLRDFWLYH WUDFHU PHWKRGV  7KH GHWHUPLQDWLRQ RI JHRORJLFDO PDWHULDOV
VRUSWLRQ FDSDFLW\ DQG PLFURHOHPHQW GLVWULEXWLRQ FRHIILFLHQWV  7KH LPSURYHPHQW RI QDWXUDO VDPSOH
WUHDWPHQWPHWKRGV DQG GHYHORSPHQW RI UDGLRDFWLYLW\ PHDVXUHPHQW WHFKQLTXHV LQ RUGHU WR LQFUHDVH
WKHLU VHQVLWLYLW\7KHVWXGLHV LQFOXGHPHWKRGV IRUDOIDEHWD DQGJDPPDPHDVXUHPHQWV7KH UHVXOWV
ZRXOGEHXVHGLQDVVHVVPHQWRISRVVLEOHUDGLRDFWLYHFRQWDPLQDWLRQULVNGHJUHHDVZHOODVLQFUHDWLRQ





















UL]LND 1DªH RWNULüH SRVWRMDQMD MHGQRJ QRYRJ PHKDQL]PD REUDQH PHKDQL]PD PXOWLNVHQRELRWLþNH
RWSRUQRVWL0;5NDR L LGHQWLILNDFLMDQRYHNODVHRSDVQLKNHPLNDOLMD LQKLELWRUD0;5PHKDQL]PDELWQR
XWMHþXQDHNVSR]LFLMXLHIHNWGDNOHLQDUL]LNXQDSUH XMXüLWLPHELWQRLQDªHUD]XPLMHYDQMHWLKSURFHVD
&LOM LVWUDåLYDQMDXRNYLUXQDªH7HPH MHVW LVNRULVWLWLQDªHSUYHQVWYRSR]QDYDQMD0;5 L SRPRüXQDªLK
ELRPDUNHUDXVWROLþLWLQRYHEROMHLQWHUSUHWDFLMHLSURFMHQHUL]LND
.RQFHQWUDFLMX NHPRVHQ]LWL]DWRUD PMHULOL VPR LOL X YRGHQLP ;$’ NRQFHQWUDWLPD LOL X HNVWUDNWLPD
GLNORUPHWDQPHWDQRO VHGLPHQDWD WDOD LOL VPHüD ELOR LQ YLWUR PHWRGRP PRGXODFLMH DNXPXODFLMH
NDOFHLQD$0LOLURGDPLQDX1,+7VWDQLFDPDVWDELOQRWUDQVIHFLUDQLPV OMXGVNLP0’5JHQRP
ELORLQYLYRXQDWLYQLPYRGDPDSRPRüXDNXPXODFLMVNHLHIOXNVYHU]LMHVURGDPLQRP%5%LªNROMNRP










-DUXQ 2YL UH]XOWDWL SRWYUGLOL VX PRJXüQRVW NRULªWHQMD PMHUHQMD 0;5DNWLYQRVWL NDR ELRPDUNHUD
L]ORåHQRVWLNVHQRELRWLFLPD
5HVHDUFKSURJUDPPHDQGUHVXOWV
7KH HQYLURQPHQWDOPDQDJHPHQW LV EDVHG RQ WKH (QYLURQPHQWDO 5LVN $VVHVVPHQW (5$ 86 (3$
)UDPHZRUN IRU (QYLURQPHQWDO 5LVN $VVHVVPHQW  (5$FRQFHSW GLUHFWV DOO LQWHUGLVFLSOLQDU\
LQYHVWLJDWLRQVRIWKHHQYLURQPHQWWRWKHUHDOL]DWLRQRIWKHQDWLRQDOVWUDWHJLFLQWHUHVWWKHSURWHFWLRQRI
WKHHQYLURQPHQWXVLQJDUDWLRQDOO\EDVHGDGPLQLVWUDWLRQ(5$KDVWKUHHVHJPHQWV LGHQWLILFDWLRQRID
WKUHDWHQHG VXEMHFW WKH DQDO\VLV RI WKH ULVN DQG ILQDOO\ WKH ULVN DVVHVVPHQW 2XU GLVFRYHU\ RI WKH
H[LVWHQFH RI D QHZ GHIHQFHPHFKDQLVP WKHPXOWL[HQRELRWLF UHVLVWDQFHPHFKDQLVP 0;5 DQG WKH
LGHQWLILFDWLRQ RI D QHZ FODVV RI KD]DUGRXV FKHPLFDOV 0;5LQKLELWRUV FKHPRVHQVLWL]HUV KDYH DQ
LPSRUWDQW LQIOXHQFH RQ WKH FKDUDFWHUL]DWLRQ RI H[SRVXUH HIIHFW DQG ULVN SURPRWLQJ LQ WKLV ZD\ RXU
XQGHUVWDQGLQJ RI WKRVH SURFHVVHV 7KH DLP RI RXU LQYHVWLJDWLRQV LV WR HVWDEOLVK QHZ EHWWHU
LQWHUSUHWDWLRQV LQ WKH VHFRQG DQG WKHPRVW LPSRUWDQW SKDVH RI (5$ 7KLV VKRXOG UHVXOW LQ D EHWWHU
DVVHVVPHQWRIULVN
:H PHDVXUHG WKH FRQFHQWUDWLRQ RI 0;5LQKLELWRUV LQ ZDWHU ;$’ FRQFHQWUDWHV RU H[WUDFWV
GLFKORUPHWKDQPHWKDQROH RI VHGLPHQWV VRLO RU ZDVWH HLWKHU LQ YLWUR XVLQJ DQ FDOFHLQ$0 RU
UKRGDPLQHDFFXPXODWLRQPHWKRGZLWK1,+7FHOOVVWDEOHWUDQVIHFWHGZLWKKXPDQ0’5JHQH
RU LQYLYRLQQDWLYHZDWHUVXVLQJDFFXPXODWLRQRUHIIOX[YHUVLRQRIWKHPHWKRGZLWKUKRGDPLQH%5%
DQG WKH PXVVHO VSHFLHV ’UHLVVHQD SRO\PRUSKD :H IRXQG H[WUHPHO\ KLJK H[SUHVVLRQ RI 0;5
PHFKDQLVP LQ WKLV PXVVHO %HFDXVH RI LWV DSSURSULDWH VL]H  FP ODUJH DQG HDVLO\ DFFHVVLEOH
SRSXODWLRQV VLPSOH PDLQWHQDQFH LQ ODERUDWRU\ DQG D ZLGHVSUHDG JOREDO GLVWULEXWLRQ WKLV VSHFLHV
EHFDPH RXU PDLQ IUHVKZDWHU H[SHULPHQWDO RUJDQLVP 8VLQJ WKH GHVFULEHG LQ YLYR PHWKRGV ZH
PHDVXUHGWKHUDWHRI0;5LQGXFWLRQLQPXVVHOVH[SRVHGWRZDWHUH[SHULPHQWDOO\SROOXWHGZLWK’LHVHO
RLO:HPHDVXUHGDOVRWKHUDWHRIGHLQGXFWLRQRIWKH0;5DFWLYLW\DIWHUWUDQVSODQWDWLRQRIPXVVHOVWR
DQ XQSROOXWHG PHGLXP ,Q WKHLU HQYLURQPHQWDO FRQGLWLRQV PXVVHOV DQG VQDLOV IURP WKH SROOXWHG
ORFDWLRQV LQ WKHDTXDWRULXPRI5RYLQM KDGDQ LQFUHDVHGH[SUHVVLRQ RI0;5 LQ FRPSDULVRQZLWK WKH
RUJDQLVPVIURPXQSROOXWHG ORFDWLRQV’SRO\PRUSKDVSHFLPHQVH[SRVHGWRWKHZDWHUIURPWKH6DYD
5LYHUGRZQVWUHDPIURPWKHLQOHWRIFRPPXQDOZDVWHZDWHUVRIWKHFLW\RI=DJUHELQGXFHG0;5DFWLYLW\
KLJKHU WKDQ WKHPXVVHOV H[SRVHG WR WKH6DYD5LYHU ZDWHU XSVWUHDP IURP WKH LQOHW RU WKHPXVVHOV
















ªWHWQRJ XþLQND PHWDOD QD LQGLNDWRUVNH RUJDQL]PH SXWHP ELRPDUNHUD %LRPDUNHUL SUHGVWDYOMDMX
ELRNHPLMVNL RGQRVQR PROHNXODUQL RGJRYRU RUJDQL]PD QD ]DJD LYDþH NRML GRSULMHYªL GR PMHVWD
WRNVLþQRJ GMHORYDQMD L]D]LYDMX PMHUOMLYL L VSHFLILþQL XþLQDN SREXGQRP VLQWH]RP ELRPDUNHUD &LOM
SUHGORåHQLK LVWUDåLYDQMD MH UD]YRMPHWRGDRGUH LYDQMDXVSRUHGED L SULPMHQDVSHFLILþQLKELRNHPLMVNLK
XþLQDND WRNVLþQLK PHWDOD QD PRUVNH RUJDQL]PH NDR RVQRYH ]D SURFMHQX L]ORåHQRVWL LQGLNDWRUVNLK
RUJDQL]DPDPHWDOLPDXSULREDOQLPSRGUXþMLPD-DGUDQVNRJPRUD2GUH LYDQMHVDGUåDMDELRPDUNHUDX

PRUVNLK RUJDQL]DPD SUHGVWDYOMD YUHPHQVNL LQWHJULUDQL RGJRYRU RUJDQL]PD QD ELRORªNL UDVSRORåLYX
NRQFHQWUDFLMXPHWDOD LSRYH]XMHSRþHWQL LNRQDþQLXþLQDN L]ODJDQMDPRUVNLKRUJDQL]DPDPHWDOLPD WH
SUHGVWDYOMD RVQRYX ]D SURFMHQX UL]LND L]ORåHQRVWL 8 SUHGORåHQRP SURJUDPX LVWUDåLYDQMD üH ELWL
XVPMHUHQD QD L]RODFLMX RGUH LYDQMH L NDUDNWHUL]DFLMX VSHFLILþQRJ ELRPDUNHUD WM PHWDORWLRQHLQD NRML
SUHGVWDYOMDPMHUX VXEOHWDOQRJ XþLQNDPHWDOD QD GDJQMH 0\WLOXV JDOORSURYLQFLDOLV NDR LQGLNDWRUVNRJ
RUJDQL]PD
8 L]YMHªWDMQRP UD]GREOMX RVWYDUHQD VX SULPLMHQMHQD L ED]LþQD LVWUDåLYDQMD X VNODGX V SUHGORåHQLP
SURJUDPRPUDGD
8YHGHQ MH QRYL LQWHUGLVFLSOLQDUQL QDþLQ SUDüHQMD XþLQNDPHWDOD QD LQGLNDWRUVNH RUJDQL]PH GDJQMH
0\WLOXV JDOORSURYLQFLDOLV SXWHP ELRPDUNHUD 2YLP SULVWXSRP SULNXSOMDMX VH YUHPHQVNL LQWHJULUDQL
SRGDWFLR XþLQNXELRORªNL UDVSRORåLYHNRQFHQWUDFLMH WRNVLþQLKPHWDOD NDGPLMD L åLYH QD LQGLNDWRUVNH
PRUVNH RUJDQL]PH 5H]XOWDWL SUHOLPLQDUQLK LVWUDåLYDQMD VD DXWRKWRQRP SRSXODFLMRP GDJQML L]
SULREDOQRJ SRGUXþMD -DGUDQD SRND]XMX GD VX ELRNHPLMVNL L NHPLMVNL SRVWXSFL RGUH LYDQMD
PHWDORWLRQHLQD L PHWDOD X FLWR]ROVNRM IUDNFLML NRMH VPR UD]YLOL L XVDYUªLOL GRYROMQR RVMHWOMLYL GD LK X
GDOMQMLP LVWUDåLYDQMLPD SULPLMHQLPR QD VXVWDYQR YUHPHQVNR SUDüHQMH XþLQND WRNVLþQLK PHWDOD QD
DXWRKWRQX SRSXODFLMX GDJQML 5H]XOWDWL WDNR HU SRND]XMX GD SRVWRML UD]OLND X SREXGQRM VLQWH]L
PHWDORWLRQHLQDXUD]OLþLWLPWNLYLPDGDJQMHWHVH]DGDOMQMHSUDüHQMHELRORªNRJXþLQNDPHWDODSUHSRUXþD
RGUH LYDQMHELRPDUNHUDXSUREDYQRMåOLMH]GLGDJQMH
2VQRYQD IL]LNDOQRNHPLMVND RVRELQDPHWDORWLRQHLQD NDR LQGXFLUDQH VNXSLQH SURWHLQD MH NRPSOHNVQR
YH]DQMHPHWDODNDGPLMDåLYHEDNUDLFLQND8VNODGXVSULKYDüHQRPWHPRPGRNWRUVNHGLVHUWDFLMHPU
0DULMDQH (UN ,VWUDåLYDQMH NHPLMVNH UHDNWLYQRVWL PHWDORWLRQHLQD SULPMHQRP HOHNWURNHPLMVNLK WHKQLND
SURYHGHQD VX RGUH LYDQMD UDVSRORåLYH NRQFHQWUDFLMHPHWDORWLRQHLQD ]D NRPSOHNVQR YH]DQMH NDGPLM
LRQD WH NRQVWDQWH VWDELOQRVWL QDVWDORJ NRPSOHNVD 5H]XOWDWL RYLK ED]LþQLK LVWUDåLYDQMD XND]XMX QD
YHOLNX SUHGQRVW SULPLMHQMHQLK HOHNWURNHPLMVNLK WHKQLND ]ERJ RVMHWOMLYRVWL L VHOHNWLYQRVWL RG]LYD
8VSRUH HQD VX WUL UD]OLþLWD SRVWXSND RGUH LYDQMD NRQVWDQWL VWDELOQRVWL NDGPLMWLRQHLQ NRPSOHNVD WH
RGDEUDQ QDMSRX]GDQLML SRVWXSDN 3URYHGHQD LVWUDåLYDQMD R NRPSOHNVQRP YH]DQMX NDGPLMLRQD V
PROHNXODPD PHWDORWLRQHLQD UDGL YLVRNRJ VDGUåDMD FLVWHLQVNLK RVWDWDND GRSULQRVH SR]QDYDQMX
ELRORªNHXORJHPHWDORWLRQHLQDNRMHPVHSULSLVXMHGHWRNVLNDFLMVNDXORJDNDGPLMDQDVWDQLþQRPQLYRX
5HVHDUFKSURJUDPPHDQGUHVXOWV
5HVHDUFK SURJUDP FRQWDLQV D QRYHO LQWHUGLVFLSOLQDU\ DSSURDFK RI GHWHUPLQLQJ WKH KDUPIXO HIIHFW RI
PHWDOVDWWKHFHOOXODUOHYHORILQGLFDWRURUJDQLVPE\PHDQVRIDELRPDUNHU%LRPDUNHUVUHSUHVHQWWKH
SROOXWDQWUHVSRQVHRIWKHRUJDQLVPDW WKHELRFKHPLFDODQGPROHFXODU OHYHODIWHU WKHSRVLWLRQRI WR[LF
DFWLRQKDVEHHQUHDFKHG7KHHIIHFWLVUHIOHFWHGDVWKHLQGXFHGDQGPHDVXUDEOHDPRXQWRIDVSHFLILF
ELRPDUNHU 7KH DLP RI WKH UHVHDUFK SURJUDP LV WR GHYHORS DQG DSSO\ WKH UHOLDEOH FKHPLFDO DQG
ELRFKHPLFDOPHWKRGVE\ZKLFK WKHVSHFLILFELRFKHPLFDOHIIHFWVRI WR[LFPHWDOVRQPDULQHRUJDQLVPV
FDQEHGHILQHG6XFKDSSURDFKVHUYHVDVWKHEDVLVIRU WKHDVVHVVPHQWRI WKHH[SRVXUHRI LQGLFDWRU
RUJDQLVPV WRPHWDOV LQ WKH FRDVWDO DUHDV RI WKH $GULDWLF 6HD 7KH FRQWHQW RI ELRPDUNHU LQ YDULRXV
WLVVXHVRIPDULQHRUJDQLVPVUHSUHVHQWV WKH WHPSRUDOO\ LQWHJUDWHGUHVSRQVHRIRUJDQLVPV WRZDUG WKH
ELRORJLFDOO\DYDLODEOHFRQFHQWUDWLRQRIPHWDOV ,WFRXSOHV WKHVWDUWLQJDQG WKH ILQDOH[SRVXUHHIIHFWRI
PDULQHRUJDQLVPV WRPHWDOV DQG LV WKH EDVLV IRU ULVN DVVHVVPHQW:LWKLQ WKH UHVHDUFK SURJUDP WKH
H[SHULPHQWVDUHRULHQWHGRQLVRODWLRQGHWHUPLQDWLRQDQGFKDUDFWHUL]DWLRQRIWKHVSHFLILFELRPDUNHULH
PHWDOORWKLRQHLQ ZKLFK UHSUHVHQWV D PHDVXUDEOH VXEOHWKDO HIIHFW RI PHWDOV RQ WKH HGLEOH PXVVHOV
0\WLOXVJDOORSURYLQFLDOLV
,QDFFRUGDQFHZLWK WKH UHVHDUFKSURJUDPGXULQJ WKHDSSOLHGDQGEDVLF UHVHDUFK UHVXOWV KDYH
EHHQREWDLQHG
$ QRYHO LQWHUGLVFLSOLQDU\ DSSURDFK KDV EHHQ LQWURGXFHG IRU GHILQLQJ WKH HIIHFW RI PHWDOV RQ WKH
LQGLFDWRURUJDQLVPVHGLEOHPXVVHO0\WLOXVJDOORSURYLQFLDOLVE\PHDQVRIDELRPDUNHU,QWKDWPDQQHU
WHPSRUDOO\LQWHJUDWHGGDWDKDYHEHHQFROOHFWHGRQWKHHIIHFWRIELRORJLFDOO\DYDLODEOHFRQFHQWUDWLRQRI
WR[LF WUDFH PHWDOV FDGPLXP DQG PHUFXU\ RQ WKH LQGLFDWRU PDULQH RUJDQLVPV 7KH SUHOLPLQDU\
UHVHDUFKUHVXOWVRQWKHQDWLYHSRSXODWLRQRIPXVVHOVFROOHFWHGLQWKHFRDVWDODUHDRIWKH$GULDWLF6HD
LQGLFDWH WKDWRXUELRFKHPLFDODQGFKHPLFDOPHWKRGVDSSOLHG IRU WKHGHWHUPLQDWLRQRIPHWDOORWKLRQHLQ
DQGPHWDOFRQWHQWLQWKHF\WRVROLFIUDFWLRQVDUHUHOLDEOHDQGVHQVLWLYHHQRXJKWREHDSSOLHG LQIXUWKHU
UHVHDUFK VWXGLHV UHODWHG WR WKH V\VWHPDWLF WHPSRUDOPRQLWRULQJ RI WKH HIIHFW RI WR[LFPHWDOV RQ WKH
QDWLYH SRSXODWLRQ RI PXVVHOV 2XU UHVXOWV LQGLFDWH WR WKH GLIIHUHQFHV LQ WKH LQGXFHG DPRXQW RI
PHWDOORWKLRQHLQ ZLWKLQ YDULRXV PXVVHO WLVVXHV )RU IXUWKHU UHVHDUFK DQG PRQLWRULQJ VWXGLHV RXU
UHFRPPHQGDWLRQ LV WR IRFXV RQ WKH GLJHVWLYH JODQG DV WKH LQGLFDWRU PXVVHO WLVVXH IRU FDGPLXP
H[SRVXUH
7KHEDVLFSK\VLFRFKHPLFDO FKDUDFWHULVWLFRIPHWDOORWKLRQHLQ DV WKH LQGXFLEOH W\SHRISURWHLQ LV WKH
FRPSOH[LQJSURSHUW\ IRUPHWDOLRQV FDGPLXPPHUFXU\VLOYHUFRSSHU ]LQF ,QDFFRUGDQFHZLWK WKH
WRSLF RI WKH 3K’ 7KHVLV RI 06F 0DULMDQD (UN ,QYHVWLJDWLRQ RI WKH FKHPLFDO UHDFWLYLW\ RI
PHWDOORWKLRQHLQV E\ PHDQV RI WKH HOHFWURFKHPLFDO WHFKQLTXHV WKH DYDLODEOH PRGHO DQG PXVVHO

PHWDOORWKLRQHLQFRQFHQWUDWLRQIRUFRPSOH[DWLRQRIFDGPLXPLRQVKDVEHHQGHILQHGDQGWKHUHVSHFWLYH
VWDELOLW\ FRQVWDQWV GHWHUPLQHG 7KLV EDVLF UHVHDUFK UHVXOWV LQGLFDWH WR WKH DGYDQWDJH RI WKH DSSOLHG

















3RGUXþMH NUªD +UYDWVNH V RE]LURP QD XJURåHQRVW RSüHQLWR RWSDGRP ]DYUH XMH SRVHEQX SR]RUQRVW
]ERJL]YDQUHGQRHNRORªNLRVMHWOMLYRJNUªDDVDGDMRªLYLªH]ERJGRGDWQLKSRVOMHGLFDUDWQLKUD]DUDQMD
3RVWRML YHOLND ERMD]DQ NDR L NRQNUHWQL GRND]L GD WRNRP UDWQLK VWUDGDQMD ]QDþDMQH NROLþLQH QL]D YUOR
RSDVQLK WYDUL L QMLKRYLK RVWDWDND XOD]L X RNROLª1D RVQRYL GRVDGDªQMLK VD]QDQMD SRVWRMH GRVWD MDNH
LQGLNDFLMH GD MH QD QHNROLNR ORNDFLMD X NUªNRP SRGUXþMX GRªOR GR SURGRUD SROLNORULUDQLK ELIHQLOD
SROLDURPDWVNLK XJOMLNRYRGLND WH HNVSOR]LYD L QMLKRYLK RVWDWDND X RNROLª =ERJ WRJD MH SRWUHEQR ªWR
UDFLRQDOQLMH SULüL SUREOHPX SURFMHQH UHDOQH XJURåHQRVWL L]YRULªWD YRGD L PRUD QD WLP ORNDFLMDPD QD
RVQRYL LVWUDåLYDQMD UD]LQD RYLK ]DJD LYDOD X YRGL L ]HPOMLªWX NDR L VRUSFLMVNLK RVRELQD ]HPOMLªWD WH
SURFLMHQLWLPRJXüQRVWL LSULRULWHWHQMLKRYRJHOLPLQLUDQMDL]RWSDGDSDSUHPDSRWUHEL L]]HPOMLªWDLYRGH




ELIHQLOLPD 5D]LQH SROLNORULUDQLK ELIHQLOD X ]HPOMLªWX L XOMQRP HNVWUDNWX WUDIR SRVWURMHQMD L KLGUDXOLþNH
VWDQLFH åHOMH]DUH ‡6SOLW· X .DªWHO âXüXUFX XND]XMX GD QD RYRP SRGUXþMX QHPD UHDOQH RSDVQRVWL
RNROQRJ]HPOMLªWDWHDNYDWLþNRJHNRVXVWDYDRG]DJD HQMDSROLNORULUDQLPELIHQLOLPD0H XWLPXVDPRM
äHOMH]DULRSDåHQH UD]LQH3&%VSDGDMXX ]QDþDMQR UL]LþQH ]DRVREOMH NRMHHYHQWXDOQRGXOMHERUDYLX
SURVWRULMLJGMHVXQDSRGXSURVWRULMHQD HQHSRYLªHQHUD]LQHSROLNORULUDQLKELIHQLODWDNRGDMHRYRYLªH
SUREOHP]DªWLWHQDUDGXQHJRHNRORªNDRSDVQRVWªLUHJSRGUXþMD




ELIHQLOLPDYMHURMDWQRQLMHGLUHNWQRUL]LþQD]DRVREOMH WUDIRVWDQLFH L REOLåQMHVWDQRYQLªWYR WHQHSRVWRML
]QDþDMQD RSDVQRVW ]DJD HQMD SLWNH YRGH DOL ]ERJ UHODWLYQH EOL]LQH DNYDWRULMD 5LMHNH ’XEURYDþNH
SRVWRMHRGUH HQLUL]LFLSULMHQRVDRYLK]DJD LYDODXQMHQHNRVXVWDY
1DMYLªHUD]LQHLVWUDåLYDQLK]DJD LYDODQDSRGUXþMX76%LOLFHSSPXND]XMXQD]QDþDMQHåLYRWQH
UL]LNH  L]QDG  ]D GMHODWQLNH WUDIRVWDQLFH 3UHPD 3UDYLOQLNX R RSDVQRP RWSDGX X +UYDWVNRM
RSDåHQH UD]LQH 3&% X ]HPOMLªWX LVSRG UD]RUHQRJ NRQGHQ]DWRUD XND]XMX QD SRVWRMDQMH RSDVQRJ
RWSDGD5H]XOWDWLDQDOL]DSROLNORULUDQLKELIHQLODXWOXQDORNDOLWHWD76=DGDUQDQHNLPORNDFLMDPDLQD
GYLMH GXELQH XND]XMX QD ]QDþDMQR ]DJD HQMH LVWUDåLYDQRJ SRGUXþMD 1DMYLªH UD]LQH LVWUDåLYDQLK




SUHOD]L WROHUDQWQH UD]LQH ]D NRMH QLMH SRWUHEQD VDQDFLMD ]D 76 %LOLFH þDN SUHNR GYLMH WLVXüH SXWD
6OLþQDMHVLWXDFLMDLXXVSRUHGELV.DQDGVNLPNULWHULMLPD]DSROMRSULYUHGQR]HPOMLªWH
5HVHDUFKSURJUDPPHDQGUHVXOWV
7KH NDUVWLF DUHD RI &URDWLD ZDUUDQWV SDUWLFXODU DWWHQWLRQ EHFDXVH RI LWV H[FHSWLRQDO HFRORJLFDO
VHQVLWLYLW\WRWHFKQRORJ\DQGKD]DUGRXVZDVWHV7KHWHUULWRU\WKDWZDVHQFRPSDVVHGE\ZDUIDUHLV LQ
HYHQ JUHDWHU MHRSDUG\ GXH WR WKH XQVFUXSXORXV GHVWUXFWLRQ RI QDWXUDO UHVRXUFHV LQIUDVWUXFWXUHV
KRPHV HQWHUSULVHV HWF GXULQJ WKH UHFHQW ZDU LQ &URDWLD ’XULQJ WKLV ZDU HQRUPRXV DPRXQWV RI
ZDVWHVDQGPDQ\KD]DUGRXVPDWHULDOVZHUHJHQHUDWHG7KHUHDUHJUHDWIHDUVDQGFRQFUHWHHYLGHQFH
WKDW VLJQLILFDQW TXDQWLWLHV RI SRO\FKORULQDWHG ELSKHQ\OV SRO\DURPDWLF K\GURFDUERQV YDULRXV IODPH
UHWDUGDQWVH[SORVLYHVDQG WKHLUE\SURGXFWVZHUH UHOHDVHG LQWR WKHHQYLURQPHQWGXULQJZDUIDUH ,W LV
YHU\LPSRUWDQWWRHVWLPDWHWKHUHDOWKUHDWRIWKHVHVXEVWDQFHVWRWKHHQGDQJHUHGZDWHUHFRV\VWHPVE\
LQVSHFWLRQ RI WKH WHUUDLQ DW WKH SROOXWHG VLWHV DQG FRQWURO RI WKH SROOXWLRQ OHYHOV RI SRO\FKORULQDWHG
ELSKHQ\OV SRO\F\FOLF K\GURFDUERQV DQG H[SORVLYHV ZLWK WKH DVVHVVPHQW RI WKH VXEWHUUDQHDQ
SHQHWUDWLRQRIWKHSROOXWDQWVEDVHGRQH[LVWLQJK\GURJHRORJLFDOGDWD2QWKHEDVLVRIWKHUHVXOWVRIWKH







âXüXUDF VKRZ WKDW WKHUH LV QR DFWXDO KD]DUG WR WKH QHDUE\ VRLO DQG DTXDWLF HFRV\VWHP IURP
SRO\FKORULQDWHGELSKHQ\OSROOXWLRQ+RZHYHUZLWKLQWKHWUDQVIRUPHUVWDWLRQLWVHOIWKH3&%OHYHOSRVHV
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Program rada i rezultati: 
Hipermedij kao globalni informacijski prostor zadire u sva područja ljudskoga življenja, otvarajući nove mogućnosti i 
razvojne pravce. Sustav komunikacije i prijenosa znanja, kao civilizacijska tekovina, doživljava pragmatični zaokret 
u činjenici da vizualno sučelje se protežu u beskonačnosti. Upravo, temeljem te činjenice, najveća pozornost u 
projektnom istraživačkom radu se posvećuje adaptivnom modeliranju 3D vizualnog sučelja, prema današnjim 
svjetskim VR spoznajama. To sučelje obuhvaća razne kognitivne stilove za određivanje različitih putova kojima 
pojedinac obrađuje informacije, uključujući opažanje, spremanje, preobrazbu i upotrebu informacija, koje nudi 
okruženje. Polazeći od činjenice da je vizualno sučelje grafička nadogradnja komandne linije, prepoznaje se 
važnost u smislu adaptabilnosti, interaktivnosti i cjelovite učinkovitosti tog višedimenzionalnog hipermedijskog 
podsustava. Istraživanje obuhvaća modeliranje nove generacije visokoučinkovitih, adaptivno-višedimenzionalnih 
hipermedijskih sučelja, prema VRML određenjima. Spajanjem nove računalne grafičke i komunkikacijske 
tehnologije ostvaruju se pretpostavke za razvoj nove komunikacijsko prijenosne tehnologije u realnom vremenu. To 
navodi na mogućnost oblikovanja nove generacije prijenosa pomoću predstavljanja virtualnih dinamičkih svjetova 
sa realnim kinematičkim elementima. Razvija se novi model, način pa i tehnologija interaktivnog prikaza informacija 
(Virtual Reality VVebcasting) i događaja u novom okruženju, što omogućuje hipermedijsko informacijsko 
posluživanje. 
U sklopu projekta istraživane su značajke sučelja i mogućnosti primjene adaptabilnosti kod izvedbe 3D virtualnih 
sučelja u hipermedijskom okruženju. Sustavnim istraživanjima i razvojnim radom oblikovana je treća generacija 
prijenosa događanja preko računalne mreže s naznakom primjene integracije generičnih informacijskih tehnologija. 
Metoda multimedijskog prijenosa VR modelom u realnom vremenu, uz integraciju s drugim Internet servisima, 
predstavlja optimalno rješenje za računalne komunikacijske mogućnosti i potrebe na niskim brzinama prijenosa. 
Ove tehnologije VR web prijenosa u obliku žive virtualne slike, izravno će ući kao sastavni dio komuniciranja kod 
nastajućeg informacijskog društva. Istraživanjem i razvojem u sklopu projekta se ostvaruje razvoj višekorisničkog 
svijeta pomoću tehnologije preslikavanja objekta po položajnim koordinatama u 3D VRML datoteku a u svrhu 
stvaranja optimalnih grafičkih i komunikacijskih uvjeta za nov način VWW prijenosa (Virtual VVorld VVebcasting). 
Na projektu su stečena iskustva i nove spoznaje na prestavljanju nove generacije VR webcastinga, kao određenje 
svojstvenog modela novog medija koji identificira i originalnu arhitekturu za podršku značajnog online 
hipermedijskog posluživanja na Internetu. To je postignuto koristeći VR prikazivanje, temeljene na VRML [Virtual 
Reality Modelling Language) koja postaje standard za primjene u hipermedijskim okruženjima. Trodimenzionalni 
VR postaje novi princip adaptabilno interaktivnih vizualnih sučelja s velikim napretkom u razvoju i proširenju 
komunikacijskog odnosa čovjeka s hipermedijem. Ona je poslužila kao temeljna prikazna tehnika na koju su 
nadovezane druge multimedijske tehnike (video, animacija, grafika, audio, tekst . )  te se tako ostvaruje integralna 
tehnologija suvremenog web prijenosa u realnom vremenu. 
Izvedene su pogodnosti ovog načina prijenosa (VR webcastinga) koji se očituju u mogućnostima praćenja 
prijenosa i u okolnostima vrlo niske propusnosti mreže (uobičajena modemska brzina 28.8 kbps). Nadalje, VRML 
datoteka se prijenosi u sažetom obliku (umanjena i do 10 puta), tako da njezina 
prosječna veličina iznosi oko 50 kB. Isto tako, značajno je da se teksture slika prenose samo jedanput, dok se za 
naknadno korištenje pozivaju iz cache memorije klient računala. Značajno je istaknuti prednost što se ne mora biti 
u neposrednoj blizini događaja radi ostvarivanja prijenosa, jer se na licu mjesta formira samo kinematička baza 
podataka dok se integralni VR webprijenos oblikuje i odašilje u mrežu kod prvog ATM čvora. Tako se ostvaruje 
prijenos bez klasičnog vizualnog doticaja, kao što je to slučaj kod uobičajenog video prijenosa. 
Zacijelo se razvija novi model, način pa i tehnologija interaktivnog prikaza informacija VWW i događaja u novom 
okruženju, što omogućuje hipermedijsko informacijsko posluživanje. Za daljnji razvoj se predviđa implementacija 
GIS - VRML translatora, i automatsko formiranje kinematičke baze podataka sa ulaznim podacima od GPS-a. 
 
 
Research programme and results: 
Hvpermedia is a space for global information that penetrates into ali areas of human life, opening up new 
opportunities and lines for development. Technologv for communication and transfer of knovvledge, as developed 
through the centuries, is going through a pragmatic revolution since the visual interface extends into infinitv. 
Actuallv, because of this fact, most research attention has been paid to adaptive modelling of a 3D visual interface 
according to the state of world VR (Virtual Realitv) knovvledge. This interface includes various cognitive styles for 
determining different ways by vvhich an individual vvould process the information, including the cognisance, 
storage, transformation and use of information offered by the environment. Assuming the fact that the visual 
interface is a graphic superstructure of the command line, the importance of this multidimensional hypermedia 
subsystem with respect to its adaptability, interactivity and integrated efficacy can be seen. Research embraces 
modelling of a new generation of highly efficient, adaptively multidimensional hypermedia interfaces according to 
VRML (Virtual Reality Modelling Language) characteristics. In the combination with new computer graphic and 
communication technology, the premises for the development of new real-time communication and transfer 
technology have been established. This suggests the possibility of forming a nevv generation of transfers via the 
presentation of virtual dynamic vvorlds vvith real cinematographic elements. A nevv model, manner and 
technology for interactive information display (Virtual Reality VVebcasting) and events in a nevv surrounding are 
being developed, thus making possible the hypermedia information to serve. 
VVithin this research project, the characteristics of interface and the possibility of adaptability application vvith the 
creation of 3D virtual interfaces in a hypermedia environment have been investigated. By systematic research and 
development work, a third generation of event transfer through the computer netvvork vvith an indication of the 
application of generic information-technology integration has been formed. Multimedia transfer by a real time VR 
model method, vvith the integration of other Internet services, represents an optimal solution for computer 
communication possibilities and needs at lovver transfer speeds. These VR web transfer technologies in a shape 
of live virtual image will enter the emergent information society as component parts of communication. Research 
and development vvithin the project has established a multi-user vvorld by means of of copying the objects on 
position co-ordinates to a 3D VRML file so as to create optimal graphics and communication for a nevv manner of 
VWW transfer (Virtual VVorld VVebcasting). 
Nevv experiences and knovvledge of presenting a nevv generation VR VVebcasting have been acquired, thus 
featuring a characteristic nevv media model vvhich also identifies an original architecture for the support of 
significant on-line hypermedia serving on the Internet. This has been achieved using the VR presentation, based 
on VRML, vvhich is becoming a standard for the applications in hypermedia environments. Three-dimensional VR 
is becoming a nevv principle of adaptable interactive visual interfaces vvith great progress in development and the 
expansion of human-communication relation vvith the hypermedia. It serves as a basic display technology to 
vvhich a number of other multimedia techniques (video animation, graphics, audio, text...) are adjoined, and thus 
an integral technology of contemporary real time web transmission is created. 
The advantages of this manner of transfer (VR VVebcasting) manifested in capabilities of follovving transfers in 
circumstances of very low netvvork permeability (usual modem speed of 28.8 kbps) are derived. Further, a VRML 
file is transmitted in a compressed form (reduced ten times the siže) so that its average siže comes to about 50 
kB. It is important to note that the textures of the image are transferred only once, vvhereas in subsequent use 
they are called up from the cache memory of the client computer. Further, it has an important advantage: it is not 
necessary to be in direct vicinity of the event for transfer to be achieved because only a cinematic data base is 
formed on the spot, vvhereas integral VR VVebcasting is formed and transmitted into the netvvork at the first ATM 
node/. Thus, the transfer is achieved vvith no classical visual contact as in the case of ordinary video transfer.
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Certainly, a new model is being developed, as well as a manner and technology of interactive display 
of VRW information and events in a new environment, thus allovving the hypermedia information to 
serve. For subsequent development, the implementation of GIS-VRML translator is anticipated, as 
well as the automatic formation of kinematics data base with input data from GPS. 
PRILOZI 
Pregledni članci i poglavlja u knjigama: 
1. Skala, K. Globalis ertelmioegi jelenlet. 
Magyarorszag 2000 / Keszthelyi Gyula (ur.). 
Osiris, Budapest, 1997. 291-294. 
Radovi objavljeni u ostalim časopisima: 
1. Skala, K. Primjene za budućnost. Infotrend. 16 
(1997) 49-51. 
Znanstveni radovi u tisku: 
2. Skala, K. Cognitive Aspects of Adaptive 
Hypermedia Interface. Signal Processing for 
Intelligent Terminals / Fazekas Kalman (ur). 
PANEM Ltd. 
Radovi objavljeni u zbornicima skupova: 
1. Medved Rogina, B.; Skala, K.; Vojnović, B. Time 
Delay Testing in the Programmable Logic Circuit 
Design. Proceedings of the MIPRO'97 
Symposium: Microelectronics, Electronics and 
Electronic Technologies / Biljanović, P.; Skala, K.; 
Ribarić, S.; Budin, L. (ur) . Opatija, Hrvatska : 
MIPRO, Croatia, 1997. 40-42 . 
2 Medved Rogina, B.; Skala, K. Optically 
Reconfigurable Hardvvare. Electronic in Marine -
ELMAR / Radanović, B.; Vistricka, J. (ur.). Zadar, 
Hrvatska : Croatian Society Electronics in Marine -
ELMAR, Zadar, 1997. 262-266. 
3. Medved Rogina B.; Skala K. Laser Ranging in 
Shipboard Applications. / Elektronikai 
Technologia-Mikrotechnika. 34 (1996.) 6-9. 
(Tiskano 1997. godine). 
4. Skala, K.; Medved Rogina, B. GIS and GPS 
based VR VVebcasting Technology. 
PROCEEDINGS ICOMT97 / Fazekas, K.; Erenyi, 
I. (ur) . Budimpešta, Mađarska PANEM, 
Budapest, 1997. 227-232. 
5. Skala, K.| Medved Rogina, B. Interactive 
Television as a New Hypermedia Information 
Service in Ship Environment. Elektronikai 
Technologia-Mikrotechnika. 34 (1996.) 20-21. 
(Tiskano 1997. godine). 
6. Skala, K.; Zelenika, Z.; Nikolić, I. Virtual Reality 
VVebcasting of Sailing Regatta on Internet. 
Electronics in Marine Elmar / Radanović, B., 
Vistricka, J. (ur.). Zadar, Hrvatska : Elmar, 1997. 
22-28. 
7. Skala, K.; Zelenika, Z.; Nikolić, I., Medved 
Rogina, B.;Kolarić, D. . Pseudo Real-Time Virtual 
Reality VVebcasting. Proceedings of the 23rd 
Euromicro Conference: New Frontiers of 
Information Technology / VVerner, B. (ur.). 
Budapest, Mađarska: IEEE Computer Society, 
1997. 138-143. 
Diplomski radovi: 
1. Đuran, B. Analiza elektrostatskog tiska / 
diplomski rad. Zagreb Grafički fakultet, 
30.09.1997., 61 str., voditelj: Skala, K. 
Nastava na poslijediplomskom studiju 
Programirljivi logički sklopovi 
Predavač: Skala K. 
Poslijediplomski studij Fakultet elektrotehnike i 
računarstva u Zagrebu, šk.god. 1996/97., 1997/98. 
Nastava na dodiplomskom studiju: 
Optoelektronika. 
Predavač: Skala K. 
Grafički fakultet, Zagreb, šk. god. 1996/97,1997/98. 
Predavanja i referati na kongresima: 
COST 254 Action 
Budimpešta, Mađarska, 06-09. 02. 1997. 
Prilozi: 
1. Skala K.. Cognitive Aspects of Adaptive 
Hypermedia Interface, pozvano predavanje 
Elmar 97 
Zadar, Hrvatska, 2 5 . - 2 9 . 06. 1997. 
Prilog: 
1. Skala K.; Zelenika Z.; Nikolić I.; Virtual Reality 
VVebcasting of a Sailing Regatta on Internet, 
plenarno predavanje 
EUROMICRO 97 
Budimpešta, Mađarska, 01-04.09.1997. 
Prilog: 
1. Skala, K.; Zelenika, Z.; Nikolić, I. Pseudo-Real 
Time Virtula Reality VVebcasting of a Sailing 
Regatta on Internet, referat. 
2nd    International    Conference   on    Multimedia 
Technology and Digital Telecommunications Budimpešta, 
Mađarska, 27-29.10.1997. Prilog: 
1. Skala, K.; Medved Rogina, B. GIS and GPS based VR 
VVebcasting Technology, usmeno priopćenje. 
20th International Convention MIPRO'97 Opatija, Hrvatska, 
19-23.05.1997. Prilog: 
1. Medved Rogina, B.; Skala, K.; Vojnović, B. Time Delay 
Testing in the Programmable Logic Circuit Design, 
predavanje. 
Sudjelovanje   u    radu    međunarodnih 
organizacija: 
Skala K. predstavnik Hrvatske u ogranku AACE za srednju 
Europu 
Skala   K.   predstavnik   Hrvatske   u   EUROMICRO 
udruženju 



















VWRJDRSVOXåXMH YHOLNL EURM YLªH VWRWLQD NRULVQLND XQXWDU L L]YDQ ,QVWLWXWD 3OLYD %HOXSR&KURPRV ,1$
6YHXþLOLªWH
8 105 VHUYLVX SURYRGH VH LVWUDåLYDQMD L] RUJDQVNH DQRUJDQVNH IL]LþNH DQDOLWLþNH L IDUPDFHXWVNH
NHPLMH WHDQDOL]H]DSHWURNHPLMVNX LQGXVWULMX LQGXVWULMXERMD L ODNRYD LWG3RUHG WHPHOMQLK LVWUDåLYDQMD L]
SRGUXþMD ªHüHUD QXNOHR]LGD L QXNOHRWLGD SHSWLGD NRPSOHNVD PHWDOD ELRNDWDOL]H L]RWRSQLK HIHNDWD L
















8SUDYD MHXVWURMEHQD MHGLQLFD ,QVWLWXWD ‡5X HU%RªNRYLü·XNRMRMVHREDYOMDMXRSüLSRVORYLRG
LQWHUHVD]DFLMHOL,QVWLWXW







GRSXQDPD =DNRQD R ]QDQVWYHQRLVWUDåLYDþNRM GMHODWQRVWL .DNR MH GRªOR GR SURPMHQD WHPHOMQLK
RGUHGQLFDQDNRMLPDMHSLVDQ6WDWXW,QVWLWXWDSULSUHPOMHQMHSULMHGORJQRYRJ6WDWXWD
 8JRYRULPD R UDGX QD SURJUDPLPD WUDMQH LVWUDåLYDþNH GMHODWQRVWL NRMH MH ,QVWLWXW ‡5X HU
%RªNRYLü· VNORSLR V 0LQLVWDUVWYRP ]QDQRVWL L WHKQRORJLMH  VWXGHQRJ  JRGLQH RGUH HQL VX
PH XVREQL RGQRVL 0LQLVWDUVWYD GLUHNWRUD SURJUDPD L ,QVWLWXWD X VYH]L UDGD QD SURJUDPX .DNR MH
GLUHNWRULPD SURJUDPD SRYMHUHQD RUJDQL]DFLMD UDGD QD SURJUDPX D GLUHNWRUL SURJUDPD L YRGLWHOML
LVWUDåLYDþNLK VNXSLQD UDVSRODåX XNXSQLP VUHGVWYLPD ]D UDG QD SURJUDPX YDOMDOR MH XVNODGLWL XVWURM
,QVWLWXWDVSURJUDPLPDWUDMQHLVWUDåLYDþNHGMHODWQRVWL8SUDYDMHREDYLODDGPLQLVWUDWLYQLGLRSULSUHPD]D









QDMRª]QDQVWYHQRLVWUDåLYDþNHWHPHSULUH HQHVX,]PMHQHLGRSXQH3UDYLOQLNDRXVWURMX L ,]PMHQH L
GRSXQH3UDYLOQLNDRXVWURMXUDGQLKPMHVWD
6WXSDQMHPQDVQDJX3UDYLOQLND R XVWURMX UDGQLKPMHVWD NRQVWLWXLUDQMHP=QDQVWYHQRJ YLMHüD
,QVWLWXWD GRQRªHQMHP3UDYLOQLNDRSRVWXSNX L]ERUDX ]QDQVWYHQD L LVWUDåLYDþND ]YDQMD L3UDYLOQLND R






PMHVWD ]QDQVWYHQLND X ]YDQMX ]QDQVWYHQRJ VXUDGQLND YLªHJ ]QDQVWYHQRJ VXUDGQLND L ]QDQVWYHQRJ
VDYMHWQLND QD  SURJUDPD WUDMQH LVWUDåLYDþNH GMHODWQRVWL L  ]QDQVWYHQRLVWUDåLYDþNH WHPH D QDNRQ




GRQLMHOR RGOXNX R LPHQRYDQMX VWUXþQRJ SRYMHUHQVWYD D ]D SULVWXSQLNH NRML VX VH MDYLOL X YLªH
]QDQVWYHQR]YDQMHLRGOXNXRLPHQRYDQMXLQR]HPQLKUHFHQ]HQDWD8SUDYDMHSULSUHPLODVYHQDYHGHQH

RGOXNH L PDWHULMDOH SULVWXSQLND SURVOLMHGLOD VWUXþQLP SRYMHUHQVWYLPD L LQR]HPQLP UHFHQ]HQWLPD 3R
SULPLWNX L]YMHªüDVWUXþQRJSRYMHUHQVWYD L LQR]HPQLKUHFHQ]HQDWDPDWHULMDOLSULVWXSQLNDVHGRVWDYOMDMX
=QDQVWYHQRPSRGUXþQRPYLMHüX0LQLVWDUVWYD]QDQRVWLLWHKQRORJLMH=DSULVWXSQLNH]DNRMH,QVWLWXWQLMH
RYODªWHQ XWYUGLWL LVSXQMDYDMX OL XYMHWH ]D L]ERUH X ]YDQMD QDSLVDQH VX RGOXNH R LPHQRYDQMLPD
SUHGVWDYQLND ,QVWLWXWD X YLMHüD RYODªWHQLK XVWDQRYD LPDWHULMDOL SULVWXSQLND VX GRVWDYOMHQL RYODªWHQLP
XVWDQRYDPD
8VYLEQMXJRGLQH0LQLVWDUVWYR ]QDQRVWL L WHKQRORJLMH MH UDVSLVDOR QDWMHþDM ]D SRWLFDMQH





RGLQWHUHVD]DFLMHOL ,QVWLWXW LRVWDOH]DKWMHYH]DQDEDYNXRSUHPH]DUDGQDSURJUDPLPD=DKWMHYX MH
SULORåHQRNRPSOHWDGRNXPHQWDFLMHVSRWUHELWLPREUD]ORåHQMLPD]DVYDNLRGQDYHGHQLKSULRULWHWD
3UDYLOQLNRPRRVQRYDPDILQDQFLUDQMD]QDQVWYHQRLVWUDåLYDþNLKLQVWLWXWDSURSLVDQDMHUDVSRGMHOD
SULKRGD ,QVWLWXWD RVWYDUHQLK QD WUåLªWX RG REDYOMDQMD YODVWLWH GMHODWQRVWL 8SUDYD MH RUJDQL]LUDOD
SURYR HQMHUDVSRGMHOHLNRQWUROXNRULªWHQMDWLKSULKRGD









RGUHGEDPD=DNRQDR]DªWLWLQDUDGX7LMHNRPQLMH UHJLVWULUDQDQL MHGQD WHåDSRYUHGDQDUDGX
2EDYOMDQL VX SRVORYL XQXWDUQMHJ QDG]RUD QDG SURYHGERP SUHYHQWLYQLK =DNRQRP SURSLVDQLK PMHUD
]DªWLWHRGSRåDUDLSRVORYLXQXWDUQMHJQDG]RUDQDGSURYHGERPPMHUD]DªWLWHRGLRQL]LUDMXüLK]UDþHQMD
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7LMHNRP  JRGLQH .QMLåQLFD ,5%D MH ELOD YRGLWHOM L NRRUGLQDWRU  GYD ]QDþDMQD SURMHNWD SUL
0LQLVWDUVWYX]QDQRVWLLWHKQRORJLMHL&$51HWX
 6XVWDY]QDQVWYHQLK LQIRUPDFLMD5+  WHPDWVNLSRGVXVWDY3ULURGRVORYOMH NRML MH X  JRGLQL
REMHGLQMDYDRUDGGHYHWQDHVWNQMLåQLFD L]SRGUXþMDSULURGRVORYOMDNRRUGLQLUDR LQIRUPDWL]DFLMXNQMLåQLFD
WH L]JUDGQMX ED]D SRGDWDND PRQRJUDIVNLK L VHULMVNLK SXEOLNDFLMD NDR L SUHWUDåLYDQMH ED]D L RVWDOLK
UHOHYDQWQLKLQIRUPDFLMDSUHNR:HEDKWWSQLSSXULUEKUSULURGRWH
&HQWDU]DRQOLQHED]HSRGDWDND&$51HWXNRMLMHEULQXRRED]DPD&XUUHQW&RQWHQWV0HGOLQHL
&RUH %LRPHGLFDO &ROOHFWLRQ PUHåQRP SURJUDPX ]D SUHWUDåLYDQMH 2YLG L RSVOXåLYDR  NRULVQLND
ªLURP +UYDWVNH KWWSED]HLUEKU D VXGMHORYDOD MH L X PH XQDURGQRP SURMHNWX ’HXWVFKHV
%LEOLRWKHNVLQVWLWXWL]%HUOLQD
 .RRSHUDWLRQ]ZLVFKHQGHXWVFKHQZLVVHQVFKDIWOLFKHQ%LEOLRWKHNHQXQGZLVVHQVFKDIWOLFKHQ
%LEOLRWKHNHQ LQ 0LWWHO XQG 2VWHXURSD XQXWDU NRMHJ VPR QDVWDYLOL VXUDGQMX V QDªRP SDUWQHU
NQMLåQLFRP8QLYHUVLWlWVELEOLRWKHN5XKU8QLYHUVLWlW%RFKXP.DRMHGDQRGVHJPHQDWDSURMHNWDLGDOMH
GRELYDPR QL] þDVRSLVD QMHPDþNLK L]GDYDþD D UDQLMH GRELYHQX UDþXQDOQX RSUHPX L GDOMH NRULVWLPR
5HGRYQR GRELYDPR L ED]H SRGDWDND QD &’ 520RYLPD QMHPDþNX QDFLRQDOQX ELEOLRJUDILMX WH
FHQWUDOQLNDWDORJSHULRGLNHQMHPDþNLKNQMLåQLFD
.RULVWHüL ELEOLRWHþQL VHUYHU QLSSXULUEKU NQMLåQLFD L GDOMH XVSMHªQR VDPD L]UD XMH L RGUåDYD :::
SRVOXåLODFKWWSQLSSXULUEKUSUHNRNRMHJQXGLNRULVQLFLPDPRJXüQRVWSUHWUDåLYDQMDED]DSRGDWDND
NQMLJDRNRMHGLQLFDþDVRSLVDNRPSOHWQLSRGDFLRGGRJRGLQH WHED]DNDWDORJD
VWDULMHJ IRQGD ELEOLRJUDILMH UDGRYD ,5%D WHPDJLVWDUVNLK L GRNWRUVNLK UDGRYD 1D:HE VWUDQLFDPD
.QMLåQLFH SULVXWDQ MH UHGRYQR WMHGQL NDOHQGDU ]ELYDQMD QD ,QVWLWXWX QRYRVWL L] .QMLåQLFH UD]QH
IRWRJUDILMH NDR L YH]H QD VYH UHOHYDQWQH L]YRUH LQIRUPDFLMD YH]DQH X] SRGUXþMH SULURGRVORYOMD L
ELRPHGLFLQH
.QMLåQLFD ,5%D VPMHªWHQD MH QD SHW ORNDFLMD þHWLUL X =DJUHEX L MHGQD X 5RYLQMX 8 JRGLQL 
NQMLåQLFD MHREUDGLODQRYLKQDVORYDNQMLJDRGþHJDMHNXSQMRPQDEDYOMHQRVYHJDDQD OLVWL






6WRMDQRYVNL - $ PRGHO RI &URDWLDQ QDWXUDO
VFLHQFHV LQIRUPDWLRQ V\VWHP ,QIRUPDWLN
)RUXP
6WRMDQRYVNL-6UDJD’.QMLåQLþDUVNDVWUXND
X VYMHWOX QRYLK LQIRUPDFLMVNLK WHKQRORJLMD
9MHVQLN ELEOLRWHNDUD +UYDWVNH  
WLVNDQRXJ
0DJLVWDUVNLUDG
6WRMDQRYVNL - 9LUWXDOQH NQMLåQLFH 3ULPMHU
3ULURGRVORYOMDX5+PDJLVWDUVNLUDG9DUDåGLQ
3RVOLMHGLSORPVNLVWXGLMLQIRUPDFLMVNLK]QDQRVWL


































9$; VHUYHU  SRG RSHUDFLMVNLP VXVWDYRP 906 NRMH VH NRULVWLOR SULMH WRJD .RQFHP JRGLQH MH
REXVWDYOMHQUDGQDVWDURPUDþXQDOX9$;]ERJNYDUD.DRJODYQRUDþXQDOR]D LQIRUPDFLMVNHVHUYLVH L ]D
QXPHULþNR UDþXQDQMH VH L QDGDOMH NRULVWL VHUYHU +3 * 1DþLQMHQ MH SULMHGORJ ]D QDEDYX QRYRJ
YLªHSURFHVRUVNRJVHUYHUDDOL0LQLVWDUVWYR]QDQRVWLLWHKQRORJLMHQLMHRGREULORILQDQFLUDQMHXJRGLQL
2VLP WRJD5DþXQDOQLFHQWDURGUåDYD L SUR[\VHUYHU ]D+773SURWRNRO WH’16 LPHQLþNL VHUYHU L RVWDOH
QHRSKRGQHPUHåQHVHUYLVH
1D ORNDOQXPUHåXQD ,QVWLWXWX YH]DQR MH SUHNR WUL VWRWLQH UDþXQDOD SUHWHåQRRVREQLK UDþXQDOD WH QHªWR
UDGQLKVWDQLFD2YDPUHåDMHUHDOL]LUDQDXWHKQRORJLML(WKHUQHWEU]LQH0EVDYH]HPH X]JUDGDPDVX
GLMHORP RSWLþNR YODNQR D GLMHORP MRª XYLMHN EDVH NRDNVLMDOQL NDEHO =DVWDUMHOD WHKQRORJLMD WDNR HU
X]URNXMHþHVWHNYDURYHQDSRMHGLQLPGLMHORYLPDPUHåHªWR]DKWLMHYD LQWHQ]LYQRRGUåDYDQMH9H]DSUHPD
JODYQRPþYRULªWXUDþXQDOQHPUHåH&$51HWX65&(XRVWYDUHQDMHSUHNRRSWLþNLKNDEHODLUDGLQDEU]LQL
0EVDRSVOXåXMHVYH LQVWLWXFLMHQD+RUYDWRYFXSRYH]DQHX&$51HWPUHåX WH YH]XSUHPD5LMHFL
.UDMHP JRGLQH MH 0LQLVWDUVWYR ]QDQRVWL L WHKQRORJLMH RGQRVQR &$51HW SRQRYQR SRNUHQXOR DNFLMX
UHNRQVWUXNFLMH VUHGLªQMHJGLMHODPUHåHQD+RUYDWRYFX L RþHNXMH VHGD üH UDGRYL XVOLMHGLWL WLMHNRP
JRGLQH 5HNRQVWUXNFLMD VUHGLªQMHJ GLMHOD PUHåH MH SUHGXYMHW PRGHUQL]DFLMH ORNDOQH PUHåH QD ,QVWLWXWX































































































































































































































































































































































































































































































































]QDQVWYHQD XVWDQRYD X +UYDWVNRM VD þHWLULVWRWLQMDN
]QDQVWYHQLND DNWLYQLK X PQRJLP SROMLPD IL]LNH NHPLMH
ELRORJLMHPHGLFLQHRFHDQRORJLMHL]DªWLWHRNROLªD3ULRULWHWL
LQVWLWXWDVXRQDWHPHOMQDLSULPLMHQMHQDLVWUDåLYDQMDªWRVX
X SUDYLOX L]YDQ GRVHJD SRMHGLQLK VYHXþLOLªQLK IDNXOWHWD
0XOWLGLVFLSOLQDUQLNDUDNWHULQVWLWXWDRPRJXüXMHVLQHUJLVWLþNL
LQWHUGLVFLSOLQDUQL SULVWXS X UMHªDYDQMX ]DPUªHQLK L
]DKWMHYQLK ]QDQVWYHQLK SUREOHPD NRMH SUHG LVWUDåLYDþH
SRVWDYOMDMX PRGHUQR GUXªWYR L GXK YUHPHQD ,QVWLWXWVND
]QDQVWYHQD SURL]YRGQMD L]QRVL RNR  SRVWR ]QDQVWYHQH
SURL]YRGQMH 5HSXEOLNH +UYDWVNH 8NXSQD ]QDQVWYHQD
GMHODWQRVWRUJDQL]LUDQDMHX]DYRGDLWRX]DYRGLPD]D
WHRULMVNX IL]LNX HNVSHULPHQWDOQX IL]LNX IL]LNX PDWHULMDOD
HOHNWURQLNXIL]LNDOQXNHPLMXRUJDQVNXNHPLMXLELRNHPLMX
NHPLMX PDWHULMDOD PROHNXOQX JHQHWLNX PROHNXOQX




L DJHQFLMDPD GLOMHP VYLMHWD ,QVWLWXW WDNR HU VXGMHOXMH X























’XEURYQLN  6YLEQMD  – 0LODQR  9HOMDþH

1DMYHüL KUYDWVNL ]QDQVWYHQLN VYRMHJD GRED D ]DFLMHOR L
XRSüH %RªNRYLü MH NDR LVXVRYDF ELR L IL]LþDU
PDWHPDWLþDU DVWURQRP L ILOR]RI âNRORYDR VH X
LVXVRYDþNRP NROHJLMX X ’XEURYQLNX L X 5LPX .DR
3URIHVLRQDOQL]QDQVWYHQLNSXWRYDRMHLGMHORYDRXPQRJLP
]HPOMDPD %LR MH MHGDQ RG SRVOMHGQMLK XQLYHU]DOQLK OMXGL
HXURSVNH KXPDQLVWLþNH WUDGLFLMH 1DMYDåQLMD GMHOD
‡)LOR]RILMD SULURGH· ‡2 6XQþHYLP SMHJDPD· ‡5DGRYL L]













,QVWLWXWH LV WKH ODUJHVW DQG WKHPRVW VLJQLILFDQW VFLHQWLILF
LQVWLWXWLRQ LQ &URDWLD ZLWK DERXW  VFLHQWLVWV DFWLYH LQ




7KHPXOWLGLVFLSOLQDU\ FKDUDFWHURI WKH ,QVWLWXWH HQDEOHV D
V\QHUJLVWLF LQWHUGLVFLSOLQDU\ DSSURDFK LQ VROYLQJ WKH
LQWULFDWH DQG GHPDQGLQJ VFLHQWLILF SUREOHPV RI PRGHUQ
VRFLHW\,WVVFLHQWLILFRXWSXWUHSUHVHQWVDERXWRIWKH
VFLHQWLILF SURGXFWLRQ RI WKH 5HSXEOLF RI &URDWLD 7KH
UHVHDUFK DFWLYLWLHV DUH RUJDQLVHG ZLWKLQ  GLYLVLRQV
QDPHO\ 7KHRUHWLFDO 3K\VLFV ([SHULPHQWDO 3K\VLFV
0DWHULDOV 3K\VLFV (OHFWURQLFV 3K\VLFDO &KHPLVWU\
2UJDQLF &KHPLVWU\ DQG %LRFKHPLVWU\ 0DWHULDOV
&KHPLVWU\ 0ROHFXODU *HQHWLFV 0ROHFXODU 0HGLFLQH
/DVHU DQG $WRPLF 5HVHDUFK (QYLURQPHQWDO DQG 0DULQH
5HVHDUFK$SDUWRIWKHPDULQHUHVHDUFK,VFDUULHGRXWDW
WKH $GULDWLF &RDVW LQ 5RYLQM 7KH ,QVWLWXWH FKHULVKHV
LQWHQVH LQWHUQDWLRQDO FRRSHUDWLRQ ZLWK D QXPEHU RI
LQVWLWXWHV XQLYHUVLWLHV DQG DJHQFLHV DOO RYHU WKH ZRUOG


























-HVXLW &ROOHJLXP LQ ’XEURYQLN DQG 5RPH 5XJMHU
%RªNRYLü ZDV RQH RI WKH ODVW XQLYHUVDO PLQGV RI WKH
(XURSHDQ KXPDQLVWLF WUDGLWLRQ +H ZDV D SK\VLFLVW
PDWKHPDWLFLDQ DVWURQRPHU DQG SKLORVRSKHU $V
SURIHVLRQDO VFLHQWLVW KH WUDYHOOHG WKURXJK DQG ZRUNHG LQ
PDQ\(XURSHDQFRXQWULHV+LVPRVWLPSRUWDQWZRUNVDUH
‡7KHRU\ RI 1DWXUDO 3KLORVRSK\· ‡2Q WKH 6XQVSRWV·
‡:RUNV RQ 2SWLFV DQG $VWURQRP\· ‡7KH (OHPHQWV RI
*HQHUDO0DWKHPDWLFV· ‡2Q WKH’LYLVLELOLW\ RI 0DWWHU DQG
WKH(OHPHQWVRI%RGLHV·
